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A Preliminary Report 


By means of small intramural electrodes, potentials at multiple depths within the ventricular wall 
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were recorded in myocardial infarction and in normal hearts. In 41 animals with coronary artery 
occlusion, electrocardiographic and histologic correlations indicated that coronary QS waves 
may represent negative potentials transmitted from viable intramural muscle as well as from the 
cavity. Coronary QR waves were obtained over transmural infarcts containing a mixture of viable 
and dead tissue, but not over purely subendocardial lesions. In the normal ventricle, positive 
depolarization potentials greatly predominated over negative potentials. Clinical applications 


are discussed. 


HE MOST SIGNIFICANT electrocar- 

diographic feature of myocardial infare- 

tion is the presence of a surface QS or 
(YR wave, either of which is believed to indi- 
cate myocardial death. In view of their clinical 
importance, these pathologic signs warrant 
more thorough experimental investigation than 
has been reported to date. Current theories 
concerning the origin of QS and QR waves are 
derived entirely from studies of potentials on 
the ventricular surfaces and in the ventricular 
cavities; potentials within the myocardium, or 
what may properly be called “intramural” po- 
tentials, have been recorded previously on rare 
oecasions'* but never in myocardial infarction. 
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In the present study, new evidence regarding 
intramural activity is being obtained by means 
of a “plunge” electrode which makes it pos- 
sible to record tracings from minute areas 
within the ventricular wall. This specially de- 
signed electrode, in conjunction with cinemato- 
electrocardiographic and histologic examination 
of the ventricles, has been employed thus far 
in a total of over 100 dogs with normal cardiac 
function or with experimentally produced myo- 
cardial infarcts, bundle branch block, ventricu- 
lar extrasystoles or tachycardia. The following 
preliminary report is concerned primarily with 
the relationship between intramural and epi- 
cardial depolarization potentials as observed 
in 41 instances of myocardial infarction. In 
addition, the distribution of potentials within 
the normal ventricle is described in order to 
explain certain findings associated with abnor- 
mal surface Q waves. Intramural studies of 
bundle branch block and ventricular arrhyth- 
mias, as well as additional observations on 
normal and infarcted ventricles, will be re- 
ported in subsequent communications. 
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INTRAMURAL DEPOLARIZATION POTENTIALS IN MYOCARDIAL INFARCTION 


MATERIALS AND METHODS 


Myocardial infarcts were produced in 41 dogs 
by ligating the left anterior descending coronary 
artery about halfway down its course. An interval 
varying from two days to five months followed the 
initial operation, after which each animal was re- 
anesthetized and routine limb and precordial trac- 
ings were made. The chest was then opened, arti- 
ficial respiration maintained with an electric pump 
respirator, and the heart widely exposed by an in- 
cision described elsewhere.* 


Electrocardiographic Equipment and Technic 


Intramural and cavity leads were recorded by 
“plunge” electrodes made of tempered silver the 
diameter of a fine needle and insulated throughout 
their length except at the chloride-coated tip which 
formed the recording surface. Effort was made to 
minimize the size of the recording surface so that 
it would register potentials from highly localized 
points. Each electrode was accurately marked at 
5 mm. intervals; when the electrode was plunged 
into the myocardium, the markings made it possible 
to determine the depth of the tip within 1 to 2 mm. 
Epicardial leads were recorded from a cotton elec- 
trode with a somewhat larger surface than that of 
the plunge electrode. 

In each animal, a plunge electrode was intro- 
duced into the cavity of the exposed left ventricle; 
this lead was used as a reference and was recorded 
simultaneously with epicardial or intramural leads 
from selected sites. As many as four or five plunge 
electrodes were used in each heart, and intramural 
tracings from each electrode were taken at several 
measured depths from the surface. Current of in- 
jury, caused by insertion of the plunge electrode, 
normally attained a minimum after about five 
minutes. Epicardial and intramural tracings were 
o>tained from normal control tissue as well as from 
the margins and central portions of the infaret. The 
position of all electrodes was verified post mortem. 


The possibility that the presence of a plunge 
electrode might induce focal block in the sur- 
rounding myocardium, thereby rendering the 
intramural tracings unreliable, was investigated 
by the following simple experiment: A cotton 
electrode was fixed to the epicardial surface 
of the ventricle. The plunge electrode was then 
inserted obliquely into the ventricular wall so 
that its recording tip lay in the myocardium 
almost 1 mm. beneath the surface electrode. If 


perifocal block, or any other depolarization 
abnormality, were induced by the plunge elec- 
trode, simultaneous tracings from the surface 
and intramural electrodes should be dissimilar; 


that is, the abnormality would be recorded by 
the plunge electrode and not by the surface 
electrode. It was found, however, that the 
depolarization waves recorded simultaneously 
from the two electrodes were practically iden- 
tical in almost every instance except that, as 
expected, the R wave in the intramural lead 
was slightly lower than the surface R wave. 
The width of the QRS complexes of both leads 
was identical, thus demonstrating the absence 
of block in the region of the intramural elec- 
trode. Indeed, in all experiments subsequently 
performed on normal hearts, the depolarization 
complexes in simultaneous cavity, intramural 
and epicardial leads were always of equal width. 
On the rare occasions when perifocal block or 
other abnormalities were caused by the plunge, 
they were recognized without difficulty and 
always disappeared after a short interval or 
after reinsertion of the electrode. 

In order to determine whether the electrodes 
registered primarily local potentials, a variety 
of experiments was performed. For example, in 
normal tracings from epicardial or plunge elec- 
trodes situated a short distance from the au- 
riculoventricular groove, the P wave usually 
was absent or very small. The plunge electrode 
was further tested by recording intramural leads 
from one ventricle before and after the entire 
contralateral ventricle was cut away; little or 
no change in the deflections registered by the 
electrodes was noted. In bundle branch block, 
on the other hand, plunge electrodes in the 
blocked ventricle often recorded deflections 2 
to 3 mm. in amplitude, representing electrical 
activity in the opposite unblocked ventricle. 
It was thus demonstrated that the electrodes 
registered predominantly, although not exclu- 
sively, local events. This conclusion may be 
reached on theoretic grounds by application 
of Poisson’s integral which states that the elec- 
tromotive force is inversely proportional to the 
cube of the distance between the electrode and 
the depolarizing cell.> The potentials of cells 
in immediate contact with the recording tip 
therefore affect an electrode many times more 
forcibly than potentials as little as a few milli- 
meters distant from the tip. 


All electrocardiograms were registered on a Brush 
recorder operated at a paper speed of 125 mm. per 
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econd. This rapid paper speed yields deflections 
ive times broader than those in standard tracings, 
hereby greatly facilitating examination and com- 
varison of depolarization waves. Power was sup- 
lied through the amplifying system of a Sanborn 
-olyviso. The indifferent electrode was connected 
o Wilson’s central terminal for all experiments. All 
lirect leads were recorded at X 20 attenuation with 
he sensitivity adjusted so that 20 millivolts cor- 
esponds to a 15 mm. deflection. Although actual 
comparative tests have shown that the Brush Re- 
corder is less sensitive than oscillographie equip- 
nent, the former was found to be completely satis- 
actory for the present study. 


(inemato-electrocardiographic Technic 


In 19 of the 41 instances of experimental myo- 
cardial infaretion, the motion of the left ventricle 
was photographed simultaneously with direct epi- 
cardial or intramural leads. This recently developed 
technie is described in detail elsewhere. By re- 
cording at fast camera speeds under high magnifi- 
cation, the precise movements of ventricular muscle 
associated with a specific electrocardiographic pat- 
tern can actually be visualized. Thus the cinemato- 
electrocardiographie technic yields a close correla- 
tion between mechanical and electrical events in 
the ventricle. 


[Tistologic Examination 


After the desired electrocardiographic and cinemat- 
ographie observations had been made, the experi- 
mental animals were sacrificed and relevant portions 
of the heart subjected to careful histologic study. 
The plunge electrodes were left in situ until after 
the tissue was carefully cut, fixed, and prepared for 
the microtome. Microscopie examination of the 
stained sections often revealed clearly the tracts 
made by the plunge electrodes. Since the intramural 
tracings had been recorded at measured distances 
from the epicardial surface, it was thus possible to 
identify the precise bit of tissue from which each 
tracing was derived. All epicardial, intramural and 
cavity electrocardiograms obtained during the ex- 
periments were appropriately located on an enlarged 
icrophotograph of the section, allowance being 
uade for shrinkage of tissue. The microscopic find- 
ngs were then correlated with the cinematographic 
nd electrocardiographie data. 


INTRAMURAL POTENTIALS IN THE 
NORMAL VENTRICLE 


By the “plunge” technic described, 35 ob- 
ervations on intramural potentials at var- 
ous depths of the free ventricular walls were 
made in 23 dogs with normal hearts. On eight 
ecasions, normal potentials were recorded from 


various depths of the left papillary muscle. 
Since the right papillary muscle is smaller and 
less accessible than its counterpart, investiga- 
tion of the former was not undertaken. Finally, 
in 14 normal ventricles, electrical activity 
throughout the septum was recorded with a 
specially designed electrode. The results of these 
studies are summarized here because of their 
pertinence to the subsequent discussion of myo- 
cardial infarction. 


The Free Ventricular Walls 


Consistently, a rapid diminution in the size 
of the R wave and a striking growth of the S 
wave occurred as the electrode was plunged 
deeper into the wall of the normal ventricle 
(fig. 1). In some tracings from as little as 3 mm. 
below the epicardial surface, the R wave was 
absent or almost indistinguishable and a deep 
S or QS wave appeared. In the majority of 
animals, the inner half of the wall of both 
ventricles yielded pure QS deflections. Findings 
in the left and right ventricular walls were 
similar, except that the outer zone of positivity 
appeared to involve a greater proportion of the 
right ventricle than of the left. 

The phenomenon of negativity within the 
normal ventricular wall was further explored 
by eliminating all or part of the outer zone of 
positivity. Portions of the epicardium and un- 
derlying muscle were severely burned in 23 
dogs and actually excised in five dogs, after 
which the surface was subjected to electro- 
-ardiographic study. When compared with leads 
from the normal surface, tracings from the 
burned epicardium or newly exposed muscle 
consistently exhibited marked lowering of the 
R waves. In five instances the R wave was 
completely replaced by a pure QS wave. These 
findings confirm the results obtained by Bellet 
and Johnston,* who produced similar burns and 
recorded potentials from the new surface and 
immediately subjacent tissue. 

Intramural potentials recorded from all 
depths of the left papillary muscle in normal 
hearts were consistently negative. However, 
an embryonic R wave or slur was often dis- 
tinguished at variable points on the downstroke 
of the QS wave. The intramural deflections re- 
corded from the left papillary muscle were of 
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greater amplitude than those from the neigh- 
boring cavity. 


The Interventricular Septum 


The septum was explored with a curved 
electrode which was slightly thicker than the 
plunge electrode, composed of the same tem- 
pered silver, and insulated throughout its length 


electrode was pushed into the septum; this 
phenomenon served to localize the position of 
the electrode, since no current of injury occurs 
in cavity leads. 

As the septum was traversed from right to 
left, the following sequence of electrocardio- 
graphic events was observed: A small R wave 
followed by a deep S wave was recorded from 


Fic. 1. Epicardial, intramural and cavity leads from normal left ventricle of dog. Magnification 
6.2. Tracings recorded at 125 mm. per second paper speed, attenuation X20. Sensitivity: 20 mv. 


equal 15 mm. 


In tracings recorded 5 mm. below surface, the R wave is small and is followed by a large S wave. 
Muscle 11 or 15 mm. below the surface yields no R wave. Hence it appears that positive potentials nor- 
mally prevail only at and immediately beneath the surface of the ventricular wall. S-T segment eleva- 
tion indicating current of injury is due to trauma by plunge electrode. 


except for a segment of about 1 mm. in the 
middle which formed the recording surface. 
By passing this electrode through the heart 
from one ventricular surface to the other, it was 
possible to record successively from one cavity, 
from the adjacent septal surface, from various 
points within the septum, and finally from the 
opposite septal surface and adjacent cavity. 
Current of injury always appeared when the 


the right septal surface. The R wave grew 
larger as the electrode was drawn deeper into 
the septum, attaining maximum amplitude in 
tracings from approximately halfway between 
the left and right septal surfaces. Subsequent 
tracings showed a progressive diminution in 
the size of the R wave until, when the electrode 
neared the left septal surface, the R wave dis- 
appeared and was replaced by a QS deflection. 
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As the left cavity was entered, current of in- 
jury vanished and the QS wave persisted. These 
fin’ings support the concept that most of the 
septum is actually a part of the left ventricle.’ 


Comment 


The striking feature observed in intramural 
studies of the normal ventricles is the unex- 
pected predominance of negative over positive 
potentials. With the exception of a relatively 
thin shell on the epicardial surface and in the 
middle and right side of the septum, all por- 
tions of the ventricular musculature yielded 
essentially negative deflections. Predominantly 
positive depolarization potentials were found 
to prevail in only about 20 per cent of the ven- 
tricular muscle of the normal heart. In contrast, 
when an impulse traverses a two-dimensional 
muscle strip, 50 per cent of the tissue yields 
predominantly negative deflections and the re- 
maining 50 per cent is predominantly positive. 
Hence the ventricular myocardium apparently 
does not behave electrically in the same man- 
ner as a simple muscle strip. The distribution 
of potentials in the auricles, on the other hand, 
is consistent with the behavior of a simple 
muscle strip.*:§ 

Until more is known concerning the electro- 
physiology of cardiac muscle, the apparent dif- 
ference in mode of auricular and ventricular 
depolarization cannot be adequately explained. 
Among the factors which may be pertinent are: 
(1) The auricular wall is sufficiently thin to act 
electrically as a two-dimensional structure, 
while the thicker ventricle must undergo three- 
dimensional depolarization.* (2) The auricles 
specialized conducting _ tissue, 
whereas the Purkinje system penetrates deeply 
into the ventricular wall. Hence the depolariza- 
(ion wave may enter the ventricular myo- 

ardium at a relatively superficial intramural 
‘vel rather than at the endocardium. (3) The 


possess no 


* This conclusion is supported by unpublished ob- 
‘rvations on the spread of the ventricular excitation 
ave in experimental bundle branch block, ventricu- 
ir extrasystoles and tachycardia. Positive depolari- 
ation potentials were found to prevail throughout 
he blocked ventricle during bundle branch block, and 
hroughout the contralateral ventricle during extra- 
ystoles or tachycardia originating from a focus on 
ither ventricle. 
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auricular depolarization wave travels at a con- 
stant rate of speed. The velocity of the ventricu- 
lar depolarization process, as determined in the 
present study by comparing the times of onset 
of the intrinsic deflections in leads from mul- 
tiple intramural levels, is greater in the inner 
half of the ventricular wall than in the outer 
portion. This finding may be related to the 
penetration of the Purkinje system into the 
ventricular wall, or to as yet undiscovered bio- 
chemical and/or enzymatic differences within 
the ventricular myocardium. 


THE Coronary QS Wave 


Current concepts concerning the significance 
of the coronary QS wave are based primarily 
upon the experimental studies of Wilson and 
his associates.? These workers found that re- 
gions of transmural infarction, whether acute 
or chronic, yielded almost identical QS waves 
in leads from the epicardial surface and the 
subjacent cavity. Furthermore, pressure on the 
epicardium failed to elicit current of injury in 
surface leads. As interpreted by most com- 
mentators, Wilson’s fundamental findings sig- 
nify that the negative potential of the cavity 
is passively transmitted unaltered through a 
transmural “hole” or “window” of infarcted 
tissue. Thus, epicardial or precordial QS waves 
generally are believed to occur over regions of 
through-and-through muscle death. 

Thirty-five of the 41 instances of experi- 
mental myocardial infarction included in the 
present study were shown histologically to in- 
volve tissue at all levels from the ventricular 
‘avity to the epicardial surface. A correlation 
of observations in these transmural lesions in- 
dicates that two types of QS waves may be 
recorded from the surface of either acute or 
chronic infarcts. The first type of surface QS 
wave appears to be derived entirely from the 
negative cavity potential, as suggested by Wil- 
son, and may therefore be called the cavity 
type of surface QS wave or, more conveniently, 
the surface ‘“QSc” wave. The second type of 
surface QS wave evidently is at least partially 
determined by electrical activity in the ven- 
tricular wall; hence it will be tentatively termed 
the mural type of surface QS wave, or simply 
the surface “QSm” wave. The distinctly dif- 
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ferent pathologic situations responsible for 
“QSc” and *QSm” waves have been demon- 
strated by three methods: (1) Cinematographic 
and electrocardiographic exploration of the epi- 
cardium; (2) intramural leads from multiple 
levels, and (3) histologic examination of the 
infarcted region. 


Cavity-Type QS (QSc) Surface Wave 


1. Cinematographically, epicardial regions 
yielding QSc waves were seen to protrude or 
balloon while normal portions of the ventricle 
were in systole. This phenomenon, most ap- 
parent in profile views of the heart and in le- 
sions of relatively recent origin, indicates ab- 
sence of contraction of the infarcted area.!" 
Electrocardiographically, the entire ventricular 
complex including the surface QSc wave was 
identical in timing, magnitude and configura- 
tion with simultaneously recorded cavity leads. 
The QS waves in both epicardial and cavity 
tracings exhibited early onset and gently 
rounded contour; the S-T segments were al- 
ways isoelectric and failed to show current of 
injury when the surface was traumatized by 
pressure with a sharp electrode or by applica- 
tion of a 10 to 15 per cent solution of potas- 
sium chloride; the T waves were slightly posi- 
tive and did not change when the surface of the 
infarct was heated. Further evidence of mus- 
cular inactivity was obtained by stimulating 
the QSc area with a sharp applicator or with 
an interrupted current of threshold intensity; 
no response occurred, although either of these 
procedures consistently elicits extrasystoles 
when applied to normal ventricular muscle. 

2. Intramural tracings from various levels 
of regions yielding surface QSc waves consist- 
ently exhibited ventricular complexes indis- 
tinguishable from those in epicardial and cavity 
leads. Furthermore, when the cavity potential 
was deliberately altered as by the production 
of bundle branch block, the intramural and 
epicardial tracings promptly registered changes 
identical with those in the cavity lead. Finally, 
at no time was a current of injury elicited by 
insertion of the plunge electrode into the sub- 
stance of the infarct, although extreme eleva- 
tion of the S-T segment always is observed 
when these electrodes are plunged into normal 


muscle. Failure to produce injury current at 
any level of an infarct from epicardium to endo- 
cardium appears to constitute definitive evi- 
dence of uniform through and through muscle 
death. 

3. Histologic examination of infarcted re- 
gions yielding surface QSc waves showed com- 
plete loss of normal muscle. From epicardium 
to endocardium, the region consisted of a homo- 
geneous scar of necrotic or fibrotic tissue, de- 
pending upon the age of the infarct (fig. 2). 

The preceding observations confirm and sup- 
plement the work of Wilson. In transmurally 
infarcted regions devoid of viable muscle, the 
negative depolarization potential recorded at 
the surface must be transmitted unmodified 
from the subjacent cavity. Hence the cavity 
type of surface QS wave completely conforms 
to accepted theory concerning the genesis of 
the QS wave of myocardial infarction. 


Mural-T ype QS (QSm) Surface Wave 


1. Cinematographs of the surface of infarcts 
yielding QSm waves unexpectedly revealed dis- 
tinct muscular activity. In at least four such 
lesions, each older than 11 days, active con- 
traction was demonstrated by outlining the 
QS area with Janus green; the outlined re- 
gion was clearly seen to wrinkle and shrink 
during ventricular systole. A number of in- 
farcts exhibited systolic contractions of QSm 
areas at the periphery, while QSc areas over 
the center of the lesion showed characteristic 
ballooning. 

Surface electrocardiograms containing QSm 
waves differed from leads exhibiting QSe waves 


in several significant respects: (a) Mural-type 


surface QS waves often were readily distin- 
guished from the QS wave in simultaneously 
recorded cavity leads; the former frequently 
started later, presented a more abrupt down- 
stroke, were sometimes deeper, exhibited a 
sharp tip, and occasionally were notched by 
the presence of a small embryonic R wave or 
merely by a slight slur. These differences be- 
tween surface and cavity deflections must repre- 
sent the electrical activity of surviving muscle 
within the infarcted region. (b) Elevated S-T 
segments following QSm waves, indicating cur- 
rent of injury, frequently occurred spontane- 
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vusly in infarcts of less than two or three days 
duration, and could be produced in older le- 
ions by mechanical or chemical trauma. (c) 
Che T waves in surface leads containing QSm 
vaves usually were higher than those in simul- 
aneous cavity leads and increased in ampli- 
ude when the infarct was heated. Neither cur- 
rent of injury nor T-wave changes could be 
produced by dead muscle. The presence of vi- 
ible muscle was further demonstrated by the 


levels, from the simultaneously recorded cavity 
QS wave, and from the surface QS wave. If 


the surface QS wave were transmitted from 
the cavity through uniformly dead tissue, it 
would scarcely assume such diverse appear- 
ances during the course of its journey. Further- 
more, S-T segment elevation consistently 
occurred when the plunge electrode was in- 
troduced into regions presenting surface QSm 
waves; this phenomenon indicated current. of 





Fig. 2. Epicardial, intramural and cavity leads taken in region of through-and-through infarction. 
The infarct is 13 days old and is magnified 23 times. Arrow shows approximate location of plunge 


electrode. All tissue is fibrotic. 


As shown by microscopic examination of section and by failure to elicit current of injury at any 
level, no viable muscle remains within infarcted region. Note that cavity-type QS deflection recorded 
from the surface is identical with QS waves from the middle of the wall and from the cavity. The nega- 
tive potential clearly is transmitted unaltered from the cavity through dead muscle to the surface. 
In the absence of viable intramural muscle, the surface QS wave could have no source other than the 


cavity. 


equent occurrence of extrasystoles when sur- 
“ce regions yielding QSm waves were stimu- 
‘ted with a sharp applicator or an electric 
‘aurrent. 

2. Intramural muscle directly subjacent to 
irface regions yielding QSm waves also showed 
umistakable evidence of electrical activity. In 
acings from these regions, the intramural QS 
aves differed in size, shape and magnitude 
om QS waves recorded at other intramural 


—>_ — 


= 
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injury resulting from trauma by the electrode 
in chronic infarcts, and from trauma combined 
with spontaneous reaction of the freshly in- 
farcted tissue in acute lesions. 

3. Histologically, regions of transmural in- 
farction presenting the mural type of surface 
QS wave were found to include irregularly dis- 
persed islands of surviving muscle surrounded 
by areas of necrotic tissue in recent infarcts 
and by fibrotic scar tissue in older lesions. Both 
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the location and the quantity of surviving 
muscle varied in different infarcts. Occasionally, 
certain layers of the myocardium consisted 
entirely of necrotic or fibrotic material, but 
patches of surviving muscle tissue always were 
present at some levels of infarcted regions from 


trocardiogram. As previously shown, negative 
potentials prevail in all but a relatively thin 
epicardial layer of the normal ventricular wall. 
Presumably, therefore, surviving muscle at 
deeper intramural levels would contribute to 
the negativity of the surface QS wave; con- 


NO 
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* CAVITY 


Fic. 3. Electrocardiographie and histologic appearance of section of left ventricle with 17 day old 
infarct. Fibrous tissue appears white or grayish-white, surviving muscle dark grey or black. Path left 
by plunge electrode is shown by arrow. Magnification X10. 

Surface QS wave appears superficially similar to the QSe deflection in figure 2. However, current of 
injury obtained in surface lead upon application of pressure, and at intramural levels establishes pres- 
ence of viable muscle within infareted region. Note that QS waves in leads from surviving muscle 
4 mm. and 6 mm. below surface differ from surface QS wave as well as from cavity QS. These findings 
indicate that surface QS deflection is of mural type (see text). 


which surface QSm waves had been recorded 
during life (fig. 3). 

* The preceding histologic findings provide an 
anatomic basis for the mechanical and elec- 
trical activity observed in regions yielding sur- 
face QSm waves. Depending upon their loca- 
tion and quantity, the patches of viable muscle 
persisting within the infarct undoubtedly in- 
fluenced the appearance of the epicardial elec- 


versely, viable muscle in the superficial layers 
may account for the embryonic R wave and 
slurring of the QSm occasionally observed in 
the present series of experiments. Thus the 
coronary QS wave apparently sometimes results 
entirely from transmission of the negative 
cavity potential, as described by Wilson and 
confirmed in the present study, and sometimes 
represents a variable mixture of intramural 











Fig. 4. Subendocardial infarct 26 days old. Magnification X5.7. Arrow shows approximate location 

of plunge electrode. Mallory’s connective tissue stain: blue, connective tissue; red, surviving muscle. 
Contrary to prevailing theory, surface lead exhibits no QS deflection; only a large R wave is re- 

corded. Current of injury obtained at 5, 10 and 15 mm. depths indicates presence of viable muscle. 


* 15 mm. 
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mn Kia. 5. Epicardial, intramural and cavity leads from margin of 27 day old infaret. Magnification 
he X7.8. Mallory’s connective tissue stain. Arrow represents path of plunge electrode. Mostly surviving 
Its muscle to left; infarct to right. Hole extending to 9 mm. depth was made by plunge electrode. 





ve | Surface of margin exhibits minimal damage, yields small Q wave and relatively large R deflection. 


nd In tracings from various depths of the ventricular wall, the negative deflection is larger than in the 

surface lead, while the positive deflection disappears. These electrocardiographic findings indicate 
Kes that the surface Q wave is not transmitted unaltered from the cavity, and the surface R wave is not 
ral § transmitted from intramural muscle distant from the electrode. 


(The use of color in figures 4 and 6 is made possible by a grant from Winthorp-Stearns, Inc., to the 
publication fund of the American Heart Association.) 


9 


10 INTRAMURAL DEPOLARIZATION POTENTIALS IN MYOCARDIAL INFARCTION 


and cavity potentials. If sufficient amounts of 
viable muscle remain within the deeper layers 
of an infarct, it is possible that the coronary 
QS wave may be derived solely from mural 
potentials. Such a circumstance was illustrated 
by the virtual disappearance of the positive 
deflection and the occurrence of a surface QS 
wave when the shell of positivity in the normal 
ventricular wall was experimentally destroyed. 


Comment 


In the present series of experiments, both the 
cavity and the mural types of surface QS wave 
frequently were recorded over different portions 
of the same infarct. In general, QSm waves 
occurred over a relatively large proportion of 
the surface of smaller infarcts, while QSe waves 
were more commonly obtained from larger in- 
farcts. Although some large infarcts yielded 
only QSe waves, the majority included a zone 
of QSm waves over the periphery. Older lesions 
tended to present larger areas of QSc than of 
QSm waves, while the reverse was frequently 
true of more recent lesions. Thus the relative 
incidence of the two types of deflections ap- 
peared to be a function of the size and age of 
the infarct. 

During the initial stages of the study, no 
distinction between cavity-type and mural-type 
QS waves was perceived upon inspection of 
epicardial tracings; this was true of leads re- 
corded at 125 mm. per second as well as at 
normal paper speeds. After considerable ex- 
perience had been gained, however, it was often 
possible to differentiate the two types of waves 
and, therefore, to predict the histologic findings 
by careful examination of the surface electro- 
cardiogram. In the series of experiments now 
in progress, a “map” of each infarct is plotted 
purely on the basis of information gained from 
epicardial and intramural leads. With only oc- 
casional minor inaccuracies, the outlines of the 
infarct and the locations of viable muscle within 
its borders can thus be diagrammed before the 
histologic sections are made. Nevertheless, ob- 
servers unfamiliar with the pertinent criteria 
seldom are able to differentiate QSc and QSm 
waves in epicardial leads. In precordial leads 


recorded on standard  electrocardiographic 


equipment, the two types of QS waves usually 
are indistinguishable. 


THe Coronary QR Wave 


According to current theory of the genesis 
of coronary QR waves, infarcted subendocar- 
dial muscle transmits the negative cavity po- 
tential to the epicardium, causing an initial 
downward deflection, after which overlying in- 
tact muscle contributes a positive potential, 
represented by the late R deflection.!! Thus the 
surface or precordial QR wave is believed to 
occur over infarcts limited to the subendo- 
cardial region, as well as over the margins of 
transmural infarcts which have their greatest 
breadth in the subendocardium. Since recent 
investigations have yielded conflicting results 
concerning the histologic findings associated 
with QR waves,”: these deflections were con- 
sidered an appropriate subject for experimental 
study. 

Of the 41 instances of experimentally pro- 
duced myocardial infarction in the present se- 
ries, six presented histologic evidence of necrosis 
or fibrosis only at subendocardial levels. These 
six infarcts extended from the endocardium 
through one-eighth to one-half the thickness of 
the ventricular wall, in no instance destroying 
subepicardial or epicardial muscle. Standard 
limb leads and multiple precordial tracings were 
recorded from each animal several weeks after 
coronary ligation, the chest was reopened, and 
electrocardiograms were made directly from 
the epicardial surface over the lesion as well as 
from multiple intramural levels as previously 
described. Contrary to prevailing theory, both 
the precordial and epicardial depolarization 
complexes were normal, as shown by compari- 
son with tracings from normal areas of the same 
heart and from other normal hearts; no QR 
waves were obtained. High-speed cinemato- 
graphs recorded simultaneously with the direct 
leads in three instances likewise revealed no 
abnormality in the appearance or contractility 
of the epicardium overlying the infarct. Intra- 
mural tracings from various levels of the sub- 
endocardial lesion and overlying intact tissue 
appeared to be within normal limits in four of 
the six animals (fig. 4). In no instance did the 
intramural leads yield evidence supporting the 
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-irrent theory of the genesis of coronary QR 
\yaves. 

Since QR waves were not recorded over re- 
cont or chronic subendocardial infarcts, an ex- 
; criment was performed to determine if such 
coflections might be obtained during the earlier 
s ages of the lesion. In 18 animals, an attempt 
\\as made to produce acute myocardial necrosis 
ly means of burns inflicted with an electric 
cvutery. Histologic examination established 
tat seven of these burns were purely subendo- 
cardial, extending from the cavity through one- 
eighth to three-fourths of the thickness of the 
ventricular wall. Immediate — electrocardio- 
graphic exploration of the undamaged surface 
over the necrotic region consistently failed to 
reveal a negative initial deflection. In three 
animals, the R wave recorded over the burn 
was somewhat lower and later than in normal 
control leads, but nothing resembling a QR 
wave was seen. Similar observations have pre- 
viously been made by Pruitt, Barnes and Es- 
sex." Thus it appears that acute subendocardial 
necrosis produced by cauterization, like recent 
and chronic subendocardial infarction, does not 
necessarily produce coronary QR waves. 

The consistent failure to obtain a negative 
deflection over pure subendocardial lesions, 
whether acute or chronic, suggests that some 
degree of epicardial damage is essential to the 
production of coronary QR waves. This con- 
clusion is substantiated by findings in the 35 
instances of transmural infarction produced 
during the study. In four such cases, QR waves 
.ppeared in both precordial and epicardial leads 
recorded over all or almost all portions of the 
lesion. Many of the remaining transmural in- 
lurcts presented QR deflections in precordial 
and epicardial leads from zones of variable 
width over the margins. Histologically, every 
region over which QR waves had been recorded 
vas found to consist of a mixture of surviving 
muscle and fibrotic or necrotic tissue involving 

he epicardial surface (fig. 5). 


DISCUSSION AND CLINICAL APPLICATIONS 


The present study of intramural, epicardial 
ind precordial tracings in the experimental 
inimal indicates that intramural depolarization 
potentials are not represented in leads facing 
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the intact epicardium. This conclusion is de- 
rived from the following observations: (1) Al- 
though an overwhelming preponderance of 
intramural tissue in the normal heart is pre- 
dominantly negative during ventricular depo- 
larization, the depolarization wave in epicardial 
and precordial leads is normally positive. Burn- 
ing or removal of the relatively thin shell of 
positive epicardial tissue diminishes the posi- 
tivity of the surface depolarization potential 

~~ —— 


QR Faso INFARCT NORMAL 


iv SAA 





CAVITY Q 
(AVR ?) 


Fig. 6. Diagram showing relationship between 
electrocardiographic and histologic findings in region 
of myocardial infarction. From left to right: C-type 
QS wave, identical with cavity QS, is recorded over 
region of through and through infarction. M-type 
QS wave occurs over region containing mixture of 
surviving muscle and fibrotic tissue involving the 
surface; compared with the depolarization wave in 
simultaneous cavity lead, this mural type deflection 
often exhibits later onset, sharper downstroke and 
sharper tip. S-T segment elevation. QR waves are 
recorded from epicardial surface consisting of mix- 
ture of surviving muscle and infarcted tissue, but 
exhibiting somewhat less damage than the QS zone 
to the left. As the amount of epicardial damage de- 
creases, the Q wave becomes smaller and the R wave 
larger. Normal surface tissue over regions of sub- 
endocardial infarction yields a normal depolariza- 
tion wave. (Reprinted from J. Thoracic. Surg. 24: 
105, Aug., 1952.) 


or actually changes the deflection from positive 
to negative. (2) If the epicardial zone of posi- 
tivity remains intact, as in subendocardial in- 
farction, the depolarization wave in precordial 
and surface leads remains positive. (3) If the 
epicardial region is damaged but contains a 
variable amount of surviving viable muscle, as 
in patchy transmural infarction, precordial and 
surface leads exhibit a negative deflection some- 
times followed by a positive deflection. Pre- 
liminary correlations between electrocardio- 
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graphic and histologic findings in such lesions 
suggest that the degree of epicardial damage 
determines whether a QSm or QR wave is 
inscribed (fig. 6). 

The preceding observations suggest that the 
status of underlying intramural muscle is not 
represented in epicardial and precordial electro- 
cardiograms. Rather, it appears that such trac- 
ings merely provide a fair representation of 
epicardial potentials. Whether the deeper layers 
of ventricular muscle consist of completely 
fibrotic tissue, completely normal muscle, or a 
mixture of both, is not revealed by leads facing 
the epicardium. Consequently, prognostically 
unimportant epicardial disturbances may yield 
a greatly distorted electrocardiogram although 
the overwhelming mass of ventricular muscle 
remains normal. Conversely, severe pathologic 
changes within the depths of the ventricular 
wall may fail to reveal themselves in routine 
tracings if the epicardium remains intact. Fi- 
nally, a coronary QS wave may signify either 
uniform through and through muscle death, or 
inactivity of only the epicardial zone of posi- 
tivity, or any intermediate amount of myo- 
cardial damage. Such lesions can be reliably dif- 
ferentiated only by means of direct epicardial 
and intramural leads or by histologic examina- 
tion. Unfortunately, the leads employed in clin- 
ical electrocardiography are comparatively 
remote from the heart and seldom provide 
sufficient information to determine the precise 
pathologic situation responsible for a given 
coronary QS wave. 

An awareness of the limitations of clinical 
electrocardiography may serve to minimize cer- 
tain diagnostic and therapeutic errors in pa- 
tients with myocardial disease. All too com- 
monly, individuals die of myocardial lesions 
which the electrocardiogram has failed to re- 
veal. On the other hand, most internists have 
observed patients with greatly distorted trac- 
ings who nevertheless have small hearts, ade- 
quate myocardial function, and are able to 
lead active lives for years or decades; as noted 
by Wilson, these individuals frequently are 
advised to restrict or eliminate their normal 
activities, thereby contracting ‘coronary dis- 
ease of electrocardiographic origin.’”’ Such ap- 
parent discrepancies between the electrocardio- 
graphic and clinical picture sometimes can be 


explained in terms of the concept that a ‘‘pure”’ 
QS wave may occur over regions containing 


significant amounts of viable muscle. The appli- 
cation of this concept to several common clini- 
cal situations is illustrated by the following 
examples. 


Example 1. After experiencing a typical coronary 
occlusion, the patient exhibited QS waves in all 
precordial leads from V, to Vs in the third, fourth 
and fifth intercostal spaces. A diagnosis of extensive 
myocardial infarction was made. Upon fluoroscopic 
examination, however, the heart appeared small 
and the left ventricle contracted well in each of 
numerous views; no regions of ballooning were ob- 
served. High-speed cinematographs of the fluoro- 
scopic views confirmed the occurrence of systolic 
contractions in all visible portions of the left ven- 
tricle. Despite the ominous appearance of the electro- 
cardiogram, the patient was in excellent condition. 
These cinematofluoroscopic and clinical findings in- 
dicate that the infarcted region contained enough 
viable muscle to maintain contractility. A similar 
situation was observed in experimentally produced 
infarets which exhibited systolic contractions in 
regions yielding the mural type of QS wave. 

Example 2. An 80 year old patient with a previ- 
ously normal electrocardiogram experienced a mas- 
sive gastrointestinal hemorrhage followed by shock. 
On the day following this episode, electrocardio- 
graphic studies showed QS waves in several pre- 
cordial leads as well as in leads II, III and aVy. 
Extensive anterior and posterior myocardial in- 
farction was suspected despite the absence of pain 
or other evidence of coronary occlusion. After trans- 
fusions and other supportive treatment, the QS de- 
flections gradually disappeared and were replaced 
by R waves. Several months later the bleeding re- 
curred and a similar sequence of electrocardio- 
graphic events was observed: again, QS waves ap- 
peared and gradually were replaced by R waves 
The transient occurrence of QS deflections on two 
oceasions obviously could not have resulted from 
through-and-through death of cardiac muscle. A 
more reasonable interpretation of the findings is as 
follows: The patient presumably had coronary ar- 
teriosclerosis. When hypotension and shock followed 
hemorrhage, the blood flow to the entire heart be- 
came inadequate. The cells of the epicardial region 
were inactivated, so that the positive potential 
normally yielded by these cells was replaced by a 
negative potential transmitted from underlying re- 
gions. When the nourishment of the epicardium 
was improved by raising the blood pressure, the 
epicardial cells resumed their normal electrical ac- 
tivity, giving rise to an R wave. Hence the evanes- 
cent occurrence of QS waves may represent coronary 
insufficiency involving the epicardial region. This 
electrocardiographic phenomenon is not rare, even 
in the absence of shock. 
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Example 3. QS and/or QR deflections recorded 
over anterior infarcts often are replaced by R waves 
with the onset of a superimposed posterior infare- 
ton. Since the posterior lesion could weaken but 
pot reverse the negative cavity potential, viable 
nuscle within the anterior infarct must be respon- 
sible for the restoration of the precordial R wave. 
As hypothesized by Barker,! living tissue within 
tie necrotic zone may produce positive voltages 
s: rong enough to obliterate QS and QR deflections 
when the posterior opposing forces are removed. 
Thus the QS wave originally recorded over the 
anterior infarct must be of the mural type. 

Example 4. In patients with QS waves in all pre- 
cordial leads, changes in the amplitude and direc- 
tion of the T wave frequently occur either spon- 
taneously after myocardial infarction or as a result 
of exercise or ischemia. Such variations in the T 
wave appear to be independent of variations in 
cavity potential and therefore may represent re- 
polarization changes occurring in viable muscle 
within the infarcted ventricular wall. As demon- 
strated experimentally, T-wave changes could not 
be produced at the surface of infarcted regions 
containing only dead muscle, but were commonly 
observed over regions of patchy infarction which 
vielded mural-type QS deflections. 

Example 5. In serial electrocardiograms recorded 
following coronary occlusion, QRS changes often 
do not oceur until several weeks after the onset of 
S-T and T-wave abnormalities. The belated appear- 
ance of the coronary QS wave generally is unac- 
companied by new clinical signs or symptoms, and 
the patient’s condition may show uninterrupted 
improvement. In view of the clinica] picture, it is 
improbable that the ventricular musculature de- 
polarizes in an entirely normal manner for several 
weeks after occlusion, then suddenly develops a 
“hole” extending from endocardium to epicardium. 
A more logical explanation is that the deeper layers 
of the ventricle become electrically inactive without 
producing QRS alterations; only when prolonged 
ischemia finally causes muscle death or severe dam- 
ave in the epicardial region is the normal R wave 
replaced by a coronary QS wave. This explanation 
is consistent with the observation that necrosis 
following coronary occlusion begins in the subendo- 
cardial region, which is farthest from the blood sup- 
ply, and extends gradually toward the epicardial 
sirface.> Thus the abrupt appearance of the QS 
aves without associated clinical changes presum- 

ly results from inactivation of the epicardial zone 
© positivity rather than sudden death of the entire 
(vickness of the ventricular wall. 


SUMMARY 


Experimentally produced myocardial infarc- 
ion in 41 dogs has been studied by means of 
i.ultiple precordial leads as well as direct leads 
‘om the epicardial surface, from several depths 
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within the ventricular wall, and from the ven- 
tricular cavity. Intramural and cavity tracings 
were obtained with a _ specially designed 
“plunge” electrode. In 19 animals, high-speed 
cinematographs of the left ventricle were re- 
corded simultaneously with epicardial leads. 
Finally, the electrocardiographic and cinemato- 
graphic findings were correlated with histologic 
observations of the infarcted region. 

Two types of QS deflections were recorded 
in direct leads from the surface of transmural 
infarcts. Electrocardiographic, cinematographic 
and histologic findings associated with the first 
type of surface QS wave established the ab- 
sence of viable tissue in the subjacent myo- 
‘ardium and indicated that the negative sur- 
face potential was transmitted unaltered from 
the underlying cavity. The second type of sur- 
face QS wave was found only over infarcted 
regions containing islands of surviving muscle 
which at least partially determined the surface 
potential. Depending upon the amount of vi- 
able muscle present in the underlying region, 
the second type of QS wave was derived almost 
entirely from the cavity potential, entirely from 
intramural potentials, or from a variable mix- 
ture of cavity and intramural potentials. The 
first type of QS wave occurred most frequently 
over large, chronic infarcts, while the second 
type was more commonly observed over small 
lesions of recent origin and over the margins 
of larger infarcts. Several clinical cases illus- 
trating the occurrence of QS waves over regions 
containing viable muscle are described. 

Coronary QR waves were found only over 
regions of transmural infarction composed of a 
mixture of viable and necrotic or fibrotic tissue 
involving the epicardium. This pathologic pic- 
ture was consistently present whether the QR 
deflection occurred over all portions of the in- 
farct or only at the margins. Chronic subendo- 
cardial infarcts and acute lesions which did not 
involve the epicardial surface consistently failed 
to yield QR waves in precordial or epicardial 
leads. 

The distribution of depolarization potentials 
in normal ventricles has been determined by 
means of multiple intramural and intraseptal 
leads. Approximately 80 per cent of the ven- 
tricular musculature exhibited predominantly 
negative depolarization potentials; positive po- 
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tentials prevailed only in a relatively thin epi- 
-ardial layer of the ventricular wall and in the 
middle and right side of the septum. Burning 
or excision of the epicardial region of positivity 
drastically diminished the amplitude of the 
surface R wave or actually produced a surface 
QS wave. These findings, coupled with the con- 
sistent absence of QRS abnormalities in trac- 
ings recorded over infarcts not involving the 
epicardial region, are believed to indicate that 
leads facing the intact epicardium yield a fairly 
accurate representation of epicardial potentials 
and do not reflect the status of the large mass 
of underlying intramural muscle. The clinical 
implications of this conclusion are discussed. 


‘ v1. ~ 
Sumario EspaNou 


Por medio de pequefos electrodos intramur- 
ales en profundidades miuiltiples de la pared 
ventricular, potenciales fueron registrados en 
infartos del miocardio y en corazones normales. 
En 41 animales con oclusién coronaria, cor- 
relacién electrocardiografica e histolégica in- 
dicé que las deflecciones QS coronarias pueden 
ser representadas por potenciales negativos 
trasmitidos desde mtisculo intramural viable 
como asi de la cavidad. Deflecciones QR fueron 
obtenidas sobre infartos transmurales que con- 
tenian una mezcla de tejido viable y muerto, 
pero no sobre lesiones puramente subendo- 
cardiales. En el ventriculo normal, potenciales 
positivos de depolarizacién predominan grande- 
mente sobre los potenciales negativos. Aplica- 
ciones clinicas se discuten. 
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The Lewis A. Conner Memorial Lecture 


The Nature of Cardiac and of Pulmonary Dyspnea 


By Dickinson W. Ricuarps, Jr., M.D. 


Dyspnea has many characteristics, differing from one clinical state to another. In pulmonary dis- 


eases the immediate cause is usually a disproportion between actual ventilation (breathing require- 
ment) and breathing capacity. The hyperventilation of organic pulmonary disease is often mis- 
takenly diagnosed as psychoneurosis. In early cardiac dyspnea, muscular fatigue associated with 
inadequate cardiac output may be a factor. True pulmonary congestion becomes important in 


more advanced left ventricular failure. 


R. Lewis Atterbury Conner, for whom 

this lectureship is named, died on Dec. 

4, 1950, at the age of 84. A man of 
outstanding achievement and broad interests, 
he was throughout his long life primarily a 
clinician and a teacher of medicine. He was a 
master in the art and science of physical diag- 
nosis, and was among those who hold firm to 
the belief that new advances should support 
and add to our simpler forms of knowledge, 
rather than replace them; that in the analysis 
and treatment of disease, laboratory findings, 
whatever their nature, should be our servants 
and not our masters. 

In dealing with clinical situations generally 
one can well argue for an approach that is and 
remains comprehensive and inclusive, not ex- 
clusive or partial. As Whitehead! has so power- 
fully argued, the unit of reality is not a name, 
or a definition, or a formula, or even a theory. 
It is an event, a whole event, an experience. 
In clinical medicine the event is the patient. 


Delivered at the Scientific sessions of the Twenty- 
fith Annual Meeting of the American Heart As- 
suciation, Cleveland, Ohio, April 18, 1952. 

From the Department of Medicine, College of 
Paysicians and Surgeons, Columbia University, and 
tte First Medical and Chest Divisions, Bellevue 
Hospital, New York, N. Y. 

These investigations were supported in part by a 
' search grant (PHS Grant H-833) from the National 
lveart Institute of the National Institutes of Health, 
thlie Health Service; and in part by a research 
ant from the Life Insurance Medical Research 
ind. 


Nowhere in medicine, perhaps, does the pa- 
tient, whole and entire, so much need to be 
considered as in the field of respiration. Breath- 
ing is truly a strange phenomenon of life, 
caught midway between the conscious and the 
unconscious, and peculiarly sensitive to both. 

Dyspnea, the major symptom of disordered 
breathing, which is the subject of this lecture, 
deserves, therefore, at the very start of our 
discussion, some orientation as to its intrinsic 
nature, and we come, even upon the most cas- 
ual examination, to a realization that this is 
actually very different from one clinical state 
to another. 

There is, for example, the dyspnea of the 
athlete, the mountain climber, a powerful mus- 
cular effort that becomes a part of the ex- 
hilaration of utmost physical effort. Very dif- 
ferent is the dyspnea of asthma, the hard 
gasping, the combination of panic and exhaus- 
tion that oppresses the man whose airways are 
closing down; or the even more agonizing slow 
suffocation of the man with a tracheal tumor. 
Still different is the dyspnea of the cardiac, 
breathlessness compounded with profound ex- 
haustion, sometimes also with cardiac pain, 
anxiety, and fear. Thus, in addition to differ- 
ences in dyspnea itself, there are not infre- 
quently adjuvant bodily disturbances, such as 
muscular fatigue or pain, that are uncon- 
sciously included, both by patient and doctor, 
in the symptom. In my further discussion, I 
shall endeavor to keep before us an awareness 
of these important distinctions. 

Physiologically, dyspnea is defined as breath- 
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ing associated with effort or distress, including 
here both subjective breathlessness and the ob- 
jective evidences of labored breathing. As a 
simple description of the process, Cournand 
and I? suggested, a number of years ago, 
the statement that dyspnea occurs whenever 
the individual’s actual ventilation cannot eas- 
ily be provided by his breathing capacity—a 
statement not greatly different from that by 
Means’ a decade earlier. This is obviously an 
oversimplification, but it applies well to several 
forms of dyspnea, especially those occurring 
in chronic pulmonary disease. It also brings 
forward three of the main features to be 
studied: breathing capacity, an anatomic and 
mechanical function; breathing effort, also a 
mechanical function; and ventilation or respir- 
atory drive producing actual ventilation, 
largely a physicochemical or neurogenic func- 
tion. 

This simple statement of factors, or influ- 
ences, producing dyspnea is set forth in the 
chart in figure 1, and this will form the plan 
of this presentation. Referring very briefly to 


MAJOR INFLUENCES PRODUCING THE DYSPNEIC STATE 


Brea’ Mechanics 


Respirstory Drive 
Increased 
Respiratory 

Stimulus 


Reduced 
Ventilatory 
Capacity 


Increased 
Ventilatory 
Work 


Restricted Labored Increased (hyperpneic) 
Breathing Breathing 


Adjuvant Influences 
(Chest Pain, Musculer Exhaustion, Psychic Effects, etc.) 


Fig. 1. 


one or two basic methods of physiologic study, 
I will review a number of forms of clinical 
dyspnea, moving from the simple to the more 
complex. As certain types of pulmonary dysp- 
nea are simplest, or seem to me to be so, I 
will discuss these first, and cardiac dyspnea 
last. 

First as to the breathing capacity, or maxi- 
mum breathing capacity itself. For many years 
the familiar vital capacity was considered to 
be an adequate measure of this function, but 
it became apparent after a time that this did 
not record speed of respiration and thus gave a 
poor correlation with ventilatory capacity in 


such conditions as obstructed or retarded 
breathing. The simplest method of including 
the time factor is to have the subject’s maxi- 
mum voluntary effort measured, as for ex- 
ample, by a tracing recorded on a moving drum 
to produce the familiar spirogram.‘ The details 
of the spirogram, in quiet and maximum 
breathing, and in normal and abnormal sub 
jects, are well known and do not require spe 
cial review. 

The maximum breathing capacity has i 
fact been used as an index of pulmonary fune 
tion or of dyspnea, just as vital capacity for 
merly was; and simplified indices have bee: 
developed which give a measure of speed anc 
volume of ventilation. The recent air velocity 
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index of Gaensler® is a modification of this, an 
extension of the earlier method of Gaubatz.’ | 


This, however, leaves out of consideration the 
amount that the individual actually does ven- 
tilate under the given conditions of rest or 
stress, whether hyper- or hypoventilation. 
There have also been indices of actual ventila- 
tion only, with no regard for ventilatory capac- 
ity. Among the best known of these is the so- 
called ventilatory equivalent of Anthony’ and 
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Knipping,® the amount of ventilation needed 7 


per liter of oxygen consumption, a factor ob- 
viously increasing as hyperventilation 
creases. 


in- | 


We have found, however, as might be ex- | 
pected, that ventilatory sufficiency, or insuffi- | 
ciency or dyspnea, is better evaluated by con- | 
sidering both factors, breathing capacity and | 
actual ventilation. We have therefore used the | 
breathing reserve (Knipping®), which is the maxi- | 


mum breathing capacity minus the actual ven- 


tilation, or the reserve of ventilation still avail- | 


able at any moment. This difference, expressed 


as a percentage of the maximum breathing | 
capacity, was found by Cournand and myself? | 
to define quite well the appearance of dyspnea, 
in various normal and abnormal subjects, when 7 
it reached a value below about 70 per cent or 4 
65 per cent. Wright'® has a somewhat similar 4 
dyspnea index which is the actual ventilation 4 


divided by the maximum breathing capacity. 
These two are of course only approximate mea:- 


ures of the entire process. The factors of rate [7 


of breathing and effort of breathing’ in the 


dyspneic state are not included. I will refer to 
these later. 





























d The mechanical factors that may limit maxi- 
¢ (§  aum breathing capacity are of course many: 
Le deformities of the chest cage, defects in the 
* ‘ausculature involved in respiration, pleural 
n hickening, hydrothorax, loss of pulmonary 
a clasticity and expansibility through fibrosis or 
», @@ other intrinsic pulmonary disease, and other 
5 d j.ctors. 
+m The many patients in this category can be 
™] ilustrated by the first case, that of a woman of 
i; | 22 with widespread fibrotic pulmonary tuber- 
™ culosis, who had also had a partial left thora- 
-. coplasty. She became dyspneic on moderate 
on i exertion, the dyspnea subsiding promptly when 
1c. she stopped and rested. Figure 2 shows a ven- 
ty ; tilatory tracing from each lung obtained by 
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ren- Fic. 2. Bronchospirometry. Patient A. S. Tracings 
rail- my indicate pulmonary ventilation, and oxygen con- 
oll sumption (upward slope of curve), from each lung. 
ss 
ring ; eee 
self? | bronchospirometry, and indicates a marked de- 
nen, Wy crease in ventilatory capacity as well as oxygen 
roi: = consumption of the left lung. Table 1 gives her 
“ee @ over-all respiratory function. As you will see, 
1G OF F “© . . > e 
iad her difficulty is simply that of restricted breath- 
. c ie) ° . . 
tion 2 mechanics. Inelastic lungs have shrunk her 
i tv. a ital capacity and reduced her maximum 
nee | hveathing capacity to one-half the estimated 
at  vormal for an individual of her size and age. 
Py 1 . . . . 
the E ler actual ventilation, in rest and exercise, 
an id her blood aeration are practically within 


tie limits of normal. She is dyspneic on exer- 
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tion solely because of restricted ventilatory 
capacity. 

This is probably the most benign form of 
dyspnea, at least in its moderate stages. With 
symptoms appearing only on considerable exer- 
tion, many are unaware of any limitation in 
their physical capacity. As Wright"! has shown, 
many individuals with uncomplicated second- 
stage silicosis are in this category, so long as the 
silicosis is not complicated by emphysema. 

In the majority of the more serious forms of 
diffuse pulmonary disease with functional dis- 
ability, however, there is usually disturbance 
also in the third of the major influences on 
respiratory activity as given in our initial dia- 
gram, namely, respiratory drive or stimulus. 

As to actual pulmonary ventilation, hyper- 
or hypoventilation in clinical conditions, there 


TaBLE 1.—Chronic Pulmonary Tuberculosis 
(Patient A. S. Female, Age, 40 years) 


Observed a 


WIGS CAPRI 6Cs 6.6 icc ci tim 1175 3480 

Maximum breathing capacity, 
BAM orden eels a anak os 52 97 

Pulmonary ventilation, L./min./ 
sq.m.B.S. 









MEM tN ce oe rave shee rene , 3.4 3.2 
After 1 minute exercise...... 13.1 11.9 
Arterial oxygen saturation, per 
cent 
ERE at Sire mann aire ays 94 96 





After 1 minute exercise weed 91 96 





have been many general statements, but not 
much careful analysis. Even some modern text- 
books, for example, still give out the general 
dictum that patients in chronic cardiac failure 
typically hyperventilate while patients with 
chronic pulmonary failure do not. We have 
been gathering data in both groups over a 
number of years, and can say categorically 
that no statement could be further from the 
truth than that. 

But in order to understand the cause and 
nature of a patient’s actual ventilatory per- 
formance, one should know several things: (1) 
the efficiency or inefficiency of the alveolar air 
exchange; (2) the effectiveness of aeration of 
the blood; (3) the effectiveness of transport of 
these gases, these chemical stimuli, to the re- 
spiratory centers by the circulation; and (4) 
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how these influences, and others as well, com- 
bine to produce the final respiratory stimulus. 

1. The distribution of inhaled tidal air to 
perfused alveolar spaces may be somewhat un- 
equal even in normal subjects, and is often 
markedly so in many forms of pulmonary dis- 
ease. Some air spaces are greatly overventi- 
lated, others underventilated. There is ventila- 
tion of regions having no blood perfusion. In 
the terms of respiratory physiology, the inef- 
fectual or dead space component of ventilation 
is usually increased in diffuse chronic pulmo- 
nary disease.!2 Thus to provide for adequate 
respiratory gas exchange total ventilation must 
also increase. Here respiratory rate is often of 
prime importance, the patient with rapid shal- 


TaBLEe 2.—Behavior of Arterial Chemical Agents in 
Various Types of Hyperpnea 


(from Gray, J. S. Pulmonary Ventilation) 


a — sy Changes in Arterial 


pO2 pCOz pH 


Anoxia ; oe 
CO, Inhalation 70 _ 


Metabolic Acidosis. . 35 
Moderate Exercise... 50 + 
Severe Exercise...... 120 a 


low breathing ventilating chiefly his pulmo- 
nary airways, with little effective aeration of 
alveolar spaces. 

2. As distribution of inhaled air deteriorates 
further, alveolar air stagnates in some parts, 
where active blood perfusion continues, and 
aeration of the blood becomes inadequate here, 
even in the presence of total pulmonary hyper- 
ventilation. Arterial anoxia then ensues. With 
a thickened or edematous alveolocapillary 
membrane, the tendency to anoxia is in- 
creased."* 

The elimination of carbon dioxide by the 
lungs differs from that of oxygen in that with 
sufficient hyperventilation of perfused and well 
ventilated spaces, the stagnation in poorly ven- 
tilated spaces can often be compensated and 
blood carbon dioxide levels remain normal. 
When there is carbon dioxide retention in 
chronic pulmonary disease, this usually indi- 


cates an inadequate respiratory stimulus." [| 
will return to this point later. 

3. If there is retarded blood flow, venous 
anoxia and hypercapnia are increased in the 
tissues, including the tissues of the respiratory 
centers, and this may increase the respiratory 
stimulus. 

4. We have just remarked that with ineffec- 
tual alveolar ventilation, total ventilation 
“must be increased’? to provide normal gas 
exchange. This teleologic statement, of course 
explains nothing, and requires mechanistic sup- 
port. How is such hyperventilation brough: 
about? What are the active respiratory stim- 
uli? This question brings us into the midst of « 
controversy that has been tossed about among 
physiologists for well over half a century. In 
his great book on Blood: A Study in General 
Physiology, published 24 years ago, L. J. Hen- 
derson'® concluded that there was not one re- 
spiratory stimulus, but many. This point of 
view has been taken up again recently by 
J. S. Gray,'® who has developed a number of 
quantitative relations, on the basis of published 
data. He demonstrates that low oxygen ten- 
sion, or partial pressure, in the blood, high 
carbon dioxide tension, and increased blood 
acidity are all positive stimuli to the respira- 
tory center. Depending upon the level of each 
in a given physiologic situation, these supple- 
ment or inhibit one another, and the net re- 
spiratory stimulus is the algebraic sum of all. 
Thus Gray finds that pure anoxia of marked 
degree is a powerful respiratory stimulus, but 
the usual hyperventilation in anoxia promptly 
lowers carbon dioxide partial pressure and 
raises pH and so the net effect is small. On the 
other hand, anoxia in the presence of normal 
or high carbon dioxide tension and low pH 
should cause, and does cause, very marked 
hyperventilation. Table 2, taken from Gray’s 
monograph, shows how these three stimuli may 
interact in various clinical conditions associ- 
ated with hyperpnea. In muscular exercise, 
the three stimuli are inadequate to explain 
total ventilation, and Gray postulates a fourth, 
as yet not identified. 

Given a certain total respiratory stimulus, 
the actual manner in which ventilation is car- 
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ried out—rapid and shallow, slow and deep, 
rezular or irregular—is conditioned, as Hess, 
F eisch,"” and others pointed out years ago, by 
the patient’s anatomic limitations and by 
cuntless proprioceptive and other reflexes 
streaming in from all parts of the breathing 
mechanism. All breathing is thus reflexly stim- 
ulited and conditioned, just as all breathing 
is also chemically stimulated. 

Finally, over and above the chemical and 
reflex influences, the final ventilatory perform- 
ance is influenced, more or less, by conscious or 
subconscious psychic influences. 


Fig. 3. Patient M. C. Advanced silicosis. 


One further point on methods of study. To 
measure dyspnea, except in advanced states, 
the individual has to be put under some sort of 
stress. One simple technic has been the breath- 
holding time; but variations in conscious effort 
rom patient to patient render this unreliable. 
"he most direct and generally satisfactory is 
n exercise test. A continued mild-to-moderate 
‘xertion, such as walking on a treadmill, which 
provides a physiologic steady state, over sev- 
ral minutes’ time, is best. As a simple index of 
pulmonary function, however, a single step test 
of brief duration is often adequate. In most of 
our clinical studies we have used a single step, 


30 times in one minute, and measured ventila- 
tion at rest, during exercise, and for five min- 
utes during recovery. This gives a fairly con- 
sistent increase in oxygen consumption, an 
index of the amount of additional work done, 
although the total “oxygen debt”? may not be 
completely paid by the end of the five-minute 
recovery period.” 

The next clinical case will illustrate the man- 
ner in which, in the course of severe, progress- 
ing pulmonary fibrosis, a restricted ventila- 
tory capacity, combined with a hyperactive 
respiratory center, greatly aggravates the pa- 
tient’s clinical dyspnea. The patient was a man 


TaBLeE 3.—Cardiopulmonary Function in 
Advanced Silicosis 


(Patient, M. C., Male Age, 66 years) 


Observed | Normal 


Vital capacity, cc 3800 
Maximum breathing capacity, L./ 


88 


lst minute recovery 
Arterial oxygen saturation, per 
cent 
Rest. 
Exercise 
Arterial CO, tension, mm.Hg 


of 66 with advanced silicosis, complaining of 
severe dyspnea on mild exertion. Figure 3 shows 
the x-ray of his chest, and table 3 a summary 
of the findings on physiologic study. The pa- 
tient has a moderately reduced vital capacity 
and maximum breathing capacity, but a strik- 
ing thing also is his marked hyperventilation, 
both at rest and in the mild standard exercise 
(30 steps in one minute), ventilation being 
almost twice that of a normal subject. His 
dyspnea is easily explained, since the reduced 
breathing capacity and high actual ventilation 
leave him with a much reduced breathing re- 
serve. 

But why should he hyperventilate? He has 
an increased pulmonary dead space—that is, 
he ventilates unperfused alveolar spaces—but 
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even so the ventilation of perfused alveolar 
spaces is such that he keeps his blood carbon 
dioxide level, his carbon dioxide tension, well 
below normal (34 mm. Hg compared with 
the normal 40 mm. Hg). Arterial oxygen satura- 
tion is normal, at rest and in exercise. There 
was no evidence of cardiac insufficiency here. 
Catheterization showed that cardiac output 
was normal; there was only a mild pulmonary 
arterial hypertension and no increase of sys- 
temic venous pressure. 

Figure 4 shows the same phenomenon, a 
moderate hyperventilation compared with nor- 
mal values in a group of 14 patients with un- 
complicated pulmonary fibrosis, at rest, in exer- 
cise, and during five minutes’ recovery. ' | | 


Uncomplicated Pulm. Fibrosis 
25 Cases 
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Rest Ex / 2 J 4 2 
--Minutes of Recovery -- 
Fic. 4. Pulmonary ventilation, at rest, exercise, 
and recovery, in 25 cases of pulmonary fibrosis (solid 
line) compared with normal subjects (dotted line). 


Is this hyperventilation functional, a sort 
of hysterical dyspnea? Such is always conceiv- 
able, but there is, by and large, nothing else 
to support such an explanation in this large 
group of chronic advanced cases of diffuse pul- 
monary fibrosis. 

Is it reflex dyspnea? In the sense that the 
patient does overbreathe to the extent of keep- 
ing his blood carbon dioxide at an arterial 
tension of 34 mm. Hg, which is well below 
normal, one may well argue that the Hering- 
Breuer impulses or other reflex mechanism are 
exaggerated in this case. We do not have a 
complete and satisfactory explanation here, but 


there is some evidence to suggest that if we 
could add up correctly all the basic chemical 
stimuli, after the manner of Gray, we might 
come out with a sufficient chemical explana- 
tion. One fact of importance is that with low- 
ered carbon dioxide tension, a respiratory 
center does become more sensitive. Another is 
that in this type of case, in spite of practically 
normal blood oxygen values and apparent!y 
normal circulatory performance, the adminis- 
tration of oxygen often definitely lowers pul- 
monary ventilation. This has been known for 
many years. It suggests that there may be here 
a significant anoxic respiratory stimulus, in 
spite of apparently normal arterial oxygen sat- 
uration. 

But the question of the functional or psychic 
aspect of clinical dyspnea is a most important 
one, both in pulmonary and cardiac dyspnea, 
and frequently difficult of analysis. I am not 
speaking of the true respiratory neuroses; these 
are relatively simple, either the compulsion 
neurosis, the repeated sighing respirations, or 
the attacks of hysterical dyspnea in the typical 
anxiety state. The difficult problem is that. of 
the patient with some pulmonary disease, and 
much dyspnea and hyperpnea. 

An interesting group in this category is that 
studied during the war by Galdston, Luet- 
scher, and their collaborators’ following acute 
phosgene poisoning. These cases presented 
many interesting details; one of the striking 
features being the frequent persistence of the 
symptom of dyspnea long after the patient’s 
x-ray had completely cleared, physical exam- 
ination was normal, and pulmonary function 
measurements had returned nearly to normal, 
also. 

I shall present one of their cases briefly: a 
woman of 43 with a past history including 
considerable nervous and emotional instability. 
She suffered moderately severe exposure to 
phosgene, with development of pulmonary 
edema and acute respiratory insufficiency, re- 
quiring pressure-oxygen therapy and other 
measures for several days. X-ray and physical 
signs then improved steadily, but for several 
months thereafter, her nervous symptoms were 
aggravated, and she suffered from exertionel 
dyspnea and, in addition, from independent 
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episodes of breathlessness coming on without 
apparent cause. 

The measurements of her pulmonary func- 
tion several months after the phosgene ex- 
posure, When x-ray and physical signs were 
normal, consisted of a normal vital capacity, 
maximum breathing capacity that was some- 
what reduced, some hyperventilation at rest 
and on exertion. Arterial oxygen saturation 
was essentially normal. Thus with the mild 
degree of these deviations from normal, it would 
seem that the functional factor here was an 
important one. On the other hand, the pattern 
of respiration was not dissimilar from that of 
the cases of unquestioned pulmonary fibrosis 
just considered. Are we entirely sure that this 
patient may not have had mild recurrences of 
pulmonary edema, giving symptoms, but sub- 
clinical to x-ray and physical signs? 

There is no doubt that anxiety may play a 
part in the dyspnea of these patients, and the 
more so the more they become pulmonary crip- 
ples; and this mental state needs study and 
care. On the other hand, we are seeing more and 
more of these patients whose physical disease 
has been either undetected or else disregarded, 
and who are considered to be mental cases 
only. Surely there is no more bitter punish- 
ment that a doctor can inflict upon a patient 
than a mistaken diagnosis of psychoneurosis. 
With no treatment, understanding or even sym- 
pathy for his underlying condition, he is often 
driven, by doctor, friends, and family alike, 
into activities which he cannot endure. Physi- 
cally sick and exhausted, he can get no honest 
hearing, his perplexity deepens into depression, 
only to have himself further stigmatized as a 
hopeless neurotic. Our pulmonary clinics are 
increasingly populated by the victims of these 
hiunderings of our psychosomatic enthusiasts. 
\t all events, it would seem wise in cases 
e this not to brand the patient too freely as 
p-vchoneurotic; or at least to judge the special 
nanifestations of neurosis on their own merits 
culy; but in cases where there is or has been 
\espiratory disease or injury, to treat the hyper- 
\entilation syndrome as primarily a response 
\o organic disease. 

A few comments now on dyspnea in the group 
of chronic pulmonary diseases known as dif- 
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fusion insufficiencies. By diffusion insufficiency, 
I mean that group of diseases, to which Ham- 
man and Rich! first called attention in this 
country, including beryllium granulomatosis, 
Boeck’s sarcoid, scleroderma of the lung and 
other conditions in which the important patho- 
logic lesion is the creation by the disease proc- 
ess of an alveolar-capillary block causing im- 
paired diffusion of oxygen into the pulmonary 
blood. The symptoms are marked dyspnea, 
hyperpnea and tachycardia, cyanosis after exer- 
cise, cough, often febrile episodes, clubbing of 
fingers and toes. Hyperventilation is so marked 
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Fic. 5. Pulmonary ventilation in 25 cases of 
diffusion insufficiency (alveolar-capillary block), 
compared with normal subjects. 


in these cases that they too have not infre- 
quently been diagnosed as psychoneurosis. 

Physiologically, these cases are characterized 
by a symmetric reduction in lung volumes due 
to their diffuse fibrosis, a remarkable mainte- 
nance of maximum breathing capacity, arterial 
oxygen saturation little reduced at rest but 
markedly decreased in exercise, carbon dioxide 
levels somewhat low in milder cases but essen- 
tially normal in the more advanced." 

The extent of their hyperventilation is shown 
in figure 5, and this sufficiently explains the 
urgent and continuous dyspnea which is the 
dominant symptom of this disease. On the 
Gray hypothesis, with a normal or nearly nor- 
mal carbon dioxide pressure and an unimpeded 
anoxic stimulus, the chemical basis for hyperp- 
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nea is perhaps adequate but there may well 
be other factors. There is, for example, the 
question whether there may not be a cardio- 
circulatory element as well, a retarded circula- 
tion increasing the stimulus in the respiratory 
center. We have measured cardiac output in 
some of these cases and it appears to be ade- 
quate both in rest and in exercise, except late 
in the disease. A further evidence of the sig- 
nificance of anoxia in diffusion insufficiency is 
the striking relief which is obtained, with sharp 
reduction in ventilation, through adequate oxy- 
gen therapy. 

I have given but little attention thus far to 
the second of the categories of ventilatory me- 


TaBLeE 4.—Forms of Pulmonary Dysfunction Causing 
Dyspnea in Chronic Obstructive Emphysema 





I. Factors Decreasing Breathing Capacity, and 
Increasing Ventilatory Effort 
Narrowing of Air Passages 
Inelasticity of Pulmonary Tissue 
Hyperinflation of Lungs and Chest 
Spasm and Asynergy of Respiratory Muscles 
II. Factors Increasing Respiratory Stimulus 
Enlarged Intrapulmonary Volume, and Poor 
Distribution of Inhaled Air 
Impaired Alveolar-Capillary Diffusion 
Anoxia 
Hypercapnia 
Decreased Arterial pH 





chanics concerned in dyspnea, namely, the ef- 
fort or work involved in the breathing process. 
Is the effort per breath increased in these cases 
of diffuse pulmonary fibrosis? We have no good 
information on this point. We do know that 
the air passages are not obstructed, but it may 
well be that the loss of elasticity in pulmonary 
tissues provides an added burden to respiratory 
effort. However this may be, this factor be- 
comes a very potent contributing cause of 
dyspnea in the next and final group of pul- 
monary diseases to be considered, namely, pul- 
monary emphysema. 

It would be difficult to construct, scarcely 
even to imagine, a type of disease in which 
there occurred simultaneously more different 
kinds of pulmonary dysfunction than are found 
in advanced pulmonary emphysema. Corre- 
spondingly, a great deal has been learned about 


pulmonary and cardiopulmonary function 


through continued studies, in a number of 
clinics in this country and abroad, on this dis- 
ease or group of diseases. 

Table 4 summarizes the more important of 
these dysfunctions. The basic change morpho- 


logically is usually a combination of obstruc- 
tion of air passages, loss of intrinsic elasticity, 
and trophic change in pulmonary tissue. These 
lead early to the assumption of the chronically 
maintained state of hyperinflation of the chest, 
since thus air passages are wider, and intra- 
pleural pressure can again be negative or neu- 
tral. But hyperinflation with elevated anterior 
chest and lowered diaphragm is most unfavor- 
able for ventilatory activity. The whole mus- 
cular framework in emphysema becomes spas- 
tic and asynergic.”’ All these factors increase 
greatly the actual work or effort per breath. 
This was well demonstrated by Christie’® some 
years ago in his measurements of intrapleural 
pressure, in relation to breathing, in normal 
and emphysematous subjects, in which he 
showed that inspiration and expiration in 
emphysema were associated with wide swings 
of pleural pressure above and below zero level, 
indicating an inelastic lung and greatly in- 
creased effort in providing its ventilation. 

Intrapulmonary air exchange in emphysema 
is greatly compromised. Maximum breathing 
capacity is reduced, due chiefly to expiratory 
retardation. Hyperinflation, with increased 
residual air, means relative ineffectiveness of 
tidal air aerating the lung spaces, but much 
more important is the uneven distribution of 
mixing within the iung itself, some parts being 
hyperventilated, others greatly hypoventi- 
lated.” 2 The former leads to hyperpnea, the 
latter to anoxia and eventually to carbon di- 
oxide retention. Finally, the attenuated pulmo- 
nary capillaries and often a progressively de- 
veloping pulmonary arteriosclerosis lead to 
pulmonary arterial hypertension and eventually 
right heart failure. 

Clinically, the progress of emphysema can 
be considered as falling into four classes.* At 
first there is decreased maximum breathing 
capacity, some hyperpnea, with therefore exer- 
tional dyspnea as a major symptom, but nor- 
mal aeration of the blood. When pulmonary 






















‘ntilation deteriorates further, there is inade- 
quate oxygenation of arterial blood, especially 
ir exercise. Still further insufficiency brings 
idequate carbon dioxide elimination by the 
luags, and carbon dioxide levels in blood and 
tissues rise, along with more advanced anoxia. 
With the rising anoxia and carbon dioxide 
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vels, and falling blood pH, one would expect 
‘iat the final stage would be associated with 
cessive hyperventilation and dyspnea, but 

this point another change has occurred. The 
‘ironic hypercapnia, the increased carbon di- 
cide, actually deadens the respiratory center, 
nd its insensitivity results in a failure of venti- 
itory volume even to reach normal values. 
his is shown in figure 6, where the ventilation 
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Fic. 6. Pulmonary ventilation in rest, exercise, and recovery in patients with advancing degrees of 
chronic pulmonary emphysema. (Reprinted from Medicine 28: 201, 1949.) 










in rest and exercise of the four stages of em- 
physema are charted. Anoxia is of course now 
further increased, and the vicious cycle becomes 
in fact complete. 

Thus in the most advanced emphysema, us- 
ually the cases with cor pulmonale in failure, 
the patients, while dyspneic, are sometimes 
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not urgently so, in spite of profound anoxia. 
It is in this state that the use of morphine is 
especially hazardous, and oxygen therapy, by 
removing the anoxic stimulus to respiration, 
induces ventilatory stagnation, with excessive 
carbon dioxide retention and carbon dioxide 
narcosis. 

With the above principles in mind, it is not 
surprising that the present-day treatment of 
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emphysema has shifted from the mere adminis- 
tration of cough mixtures, sedation and oxygen, 
to a vigorous effort to open the air passages, 
and ventilate the lungs by mechanical aids, 
corrective exercises, and artificial respirators. 

To those of you primarily interested in heart 
disease, this excursion into pulmonary physi- 
ology has been a long introduction. But I be- 
lieve that the nature of cardiac dyspnea can be 
clarified by comparison with these simpler pul- 
monary forms. 

While the principles explaining the causes 
of dyspnea in heart failure have not changed 
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Fic. 7. Pulmonary ventilation in 17 cases of 


ambulatory rheumatic heart disease, with limited 
cardiac reserve. 


greatly since, let us say, the publication of 
Harrison’s Failure of the Circulation in 1935,” 
much has been added in the way of evidence: by 
cardiac catheterization, by new methods of 
pulmonary study, and quite recently by some 
of the physiologic results of mitral 
surgery. 

Obviously the basic defect in heart failure 
as compared with pulmonary failure, is inade- 
quate performance of heart and circulation, 
rather than inadequate performance of the 
lungs. Ever since it was known that the cardiac 
patient could not increase his oxygen consump- 
tion, his oxygen intake, in exercise as much as 
a normal subject, it was assumed that this was 
because cardiac output failed to increase ade- 


valve 
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quately, oxygen thus could not be conveyed to 
tissues, and carbon dioxide from tissues, in 
sufficient quantity.” Relatively retarded blood 
flow, increasing anoxia and acidity in the re- 
spiratory center would induce hyperpnea; an 
the prolongation of the hyperpneic state during 
the recovery period, so characteristic a feature 
of cardiac dyspnea, was explained by the slow 
restoration of tissues to their metabolic rest- 
ing state. 

A more specific pulmonary component cf 
congestive heart failure was postulated some 
60 years ago by von Basch**—the stiffening of 
the lungs that would be expected to oceur wit! 


pulmonary vascular congestion —and this re- 
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MEAN PULMONARY ARTERIAL PRESSURE, 
mm.Hg., AT REST 


Fig. 8. 
pulmonary arterial pressures at rest in 15 rheumatic 
cardiac patients (dots) and two patients with em- 
physema (triangles). 


Maximum breathing capacity and mean 


ceived much emphasis when Peabody”®> dem- 
onstrated the decrease in vital capacity and 
ventilatory capacity with advanced congestive 
failure. 

Cardiac catheterization studies have now 
amply confirmed both hypotheses: the failure 
of normal increase in cardiac output in exer- 
cise, and the early abnormal rise in pulmonary 
arterial pressures in exercising cardiac sub- 
jects.”6 

There has recently arisen also something of « 
controversy on the nature of cardiac failure, 
whether the failure of cardiac output is all- 
important, or whether the congestive state as 
such, ‘“‘pressure failure,” so to speak, may itself 
play a dominant part in the symptomatology. 

Some evidence which I shall now present 
suggests that there may be differences in rela- 
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tive importance of these factors as one moves 
from the milder degrees of heart failure to the 
more severe. Specifically, the effects of retarded 
blood flow appear to be dominant early in 
fa lure, the evidences of pulmonary congestion 
becoming more important when failure is ad- 
vanced. 


significant exertional symptoms that some of 
these patients complain of? It may be that 
there is increased effort per breath and that 
dyspnea may be aggravated by this. It seems 
probable, however, that there may be at least 
one other factor also. 






















Re ee oa 


Let us take first the ambulatory cardiac pa- 


tient. West, Bliss, and Wood” have recently 
studied cardiopulmonary function in a group 
of subjects with rheumatic valvular disease, by 
measurements at rest and in steady exercise 
during cardiac catheterization. 

















Rest Ex / 2 a 4 5 


--Minutes of Recovery -- 
Fic. 9. 
(see text). 


Pulmonary ventilation of patient J. A. 


Their performance was as follows: a moderate 
continued hyperventilation, a relatively poor 
increase in cardiac output in exercise, with a 
rise in pulmonary arterial pressure. Since there 
Was some decrease in arterial carbon dioxide 
tension, a washing out of carbon dioxide by the 
hyperpnea, one could argue that some of the 
hyperventilation was on a “reflex” basis. So 
far as dyspnea is concerned, however, the actual 
increase in ventilation was slight, much less 
than in our pulmonary cases previously de- 
scibed. This is shown in figure 7. Furthermore, 
ieximum breathing capacity was relatively 
il maintained, even with considerable in- 
‘ase in pulmonary arterial pressure. This is 
own in figure 8. Thus breathing reserve was 
not greatly diminished. 

Do we have then an adequate cause for the 
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A patient studied some years ago by Dr. 
Baldwin and myself may give a clue here. This 
was a man of 49 with longstanding cardiac 
hypertrophy and dilatation on a hypertensive 
basis. He had had one episode of congestive 
failure. At the time of study he was compen- 
sated at rest but his exercise tolerance was 
much reduced. 
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MEAN PULMONARY ARTERIAL PRESSURE. 
mm Hg, DURING EXERCISE 


Fic. 10. Relation between oxygen removal rate 
(uptake) in cubic centimeters per liter ventilation, 
and pulmonary arterial pressure, in 23 observations 
in 20 rheumatic cardiac patients with diminished 
cardiac reserve. 


In our study he endeavored to carry out a 
mild 30-step exercise test, but could not finish, 
stopping after 16 steps only. Examination of 
his pulmonary function showed that his vital 
and maximum breathing capacities were per- 
fectly normal both before and after the test; 
there was no abnormality either in arterial 
oxygen saturation or in carbon dioxide. His 
pulmonary ventilation during the slight exer- 
tion was but little increased, actually signifi- 
‘antly less than a normal subject with the 
1-minute step test, as shown in figure. 9. Closer 
inquiry revealed that he really was not stopped 
because of dyspnea but because of fatigue or 
exhaustion. It was not cardiac pain; as a mat- 
ter of fact, when the patient finally died two 
or three years later, he did not have signifi- 
cant coronary narrowing. 
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What was the cause of this muscular exhaus- 
tion? We have found it, as have others, to be 
a prominent symptom in some of our cases of 
advanced mitral disease admitted for surgery, 
and here it seems to be associated with very 
low and fixed cardiac output. These patients 
notice it more acutely if they suddenly become 
free of the symptom after successful commis- 
surotomy. May it not be, therefore, that inade- 
quate blood flow manifests itself by this symp- 
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tom of fatigue, which has been mixed with, 
and yet is really separate from, the symptom of 
dyspnea itself? Perhaps by a more exact and 
careful clinical history, clinicians will be able 
to identify this fatigue or exhaustion factor, 
as well as by complex laboratory tests. 

As the state of left ventricular failure ad- 
vances, we find corresponding changes both in 
pulmonary and in cardiac measurements. Fig- 
ure 10 from West, Bliss, and Wood” shows how 
the oxygen concentration in expired air, which 
is essentially the reciprocal of pulmonary ven- 
tilation, decreases with rising pulmonary 
congestive hypertension. Expired air oxygen 
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IMO. POST-OPERATIVE 


concentration is used in these spot charts, in 
preference to actual volumes of pulmonary 
ventilation, since it indicates the degree of 
ventilation or hyperventilation per unit of oxy- 
gen absorbed, and therfore permits comparison 
of values in individual subjects with different 
oxygen intakes. 

The relation with cardiac output in exercise 
is even more striking: there appears to be only 
a moderate increase in ventilation (decreased 
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Fig. 11. Patient J. C. before and after mitral commissurotomy. Lower three graphs indicate intra- 
vascular and intracardiac pressures: pulmonary artery, end-diastolic in right ventricle, and brachial 


oxygen per cent) until cardiac output has 
dropped to a really low value, below which the 
degree of hyperpnea is markedly aggravated, 
presumably associated with hypoxia of brain 
and tissues. This is due in large part to retarded 
blood flow, though we are finding a fair number 
of cases in which the acute pulmonary conges- 
tion of exercise is associated with some arterial 
anoxia, with therefore a further anoxic respira- 
tory stimulus. One wonders whether an abrupt 
shift of this kind, in pressure or output, or 
both, may not be the trigger that sets off an 
attack of paroxysmal dyspnea or cardiac 
asthma, this in turn induced by some smal 
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change in vascular fluid balance, vasomotor 
st ite, or intercurrent infection, a small pul- 
monary embolus or other disturbance. 

Effort of breathing is increased in pulmonary 
ecngestion. This was well shown in the original 
stidies of Christie and Meakins.* By con- 
tiiuous intrapleural pressure recording, they 
showed markedly increased pressure swings be- 
teen inspiration and expiration, during con- 
gestive failure, decreasing toward normal after 
recompensation. 

As for the important question whether the 
pulmonary congestive state as such without 
alteration in cardiac output can be chiefly re- 
sponsible for the disabling symptoms of ad- 
vanced left heart failure, we believe that we 
have a definitive answer from some of our 
studies of mitral disease before and after com- 
missurotomy. The following case is taken from 
a recent report??: 

The patient, an electrician of 38, had had in- 
creasing exertional dyspnea, with attacks of 
paroxysmal dyspnea, for two years, and at the 
time of admission had been totally disabled for 
six months, was orthopneic, dyspneic on talk- 
ing or the least exertion in the hospital. He 
had auricular fibrillation and mitral stenosis. 
Figure 11 shows his cardiodynamies pre- and 
postoperatively. You will see preoperatively 
a low cardiac output, which failed to increase 
on exercise, and a marked pulmonary hyper- 
tension, which rose further during and for a 
time following the exercise test. 

In the next column of this figure are the 
measurements one month after a successful 
commissurotomy. The patient at this time was 
clinically well, with no dyspnea, no orthopnea, 
able to climb two flights of stairs, though his 
exercise tolerance was still significantly reduced. 
F;om the measurements you will see that while 
there was a slight increase in resting cardiac 
output, this did not increase further in exer- 
cise. The major change was the considerable 
dop in pulmonary vascular hypertension. The 
p int here, therefore, is that pulmonary con- 
gstion would appear to be the chief and key 
( sability in some at least of these cases of 
r!eumatic heart disease in failure, and that its 
rilef restores the patient to clinical compensa- 
tion on limited activity. 


The last column in figure 11 shows how 11 
months later, this patient had made definite 
further improvement with even lower pul- 
monary vascular pressures and a better cardiac 
output. Now the patient had returned to nor- 
mal activity in practically all respects. 

The forms of dyspnea in far advanced con- 
gestive failure need not detain us long. Or- 
thopnea, one of the standbys in differentiating 
cardiac from pulmonary dyspnea, seems at least 
partly explained since we know that the supine 
position brings more blood to the heart and 
lungs, adds to an already excessive cardiac 
filling, increases pulmonary congestion, de- 
creases vital capacity and breathing capacity. 

The increased tachypnea and hyperpnea in 
advanced heart failure raises again the ques- 
tion of reflex factors in lungs, great vessels or 
elsewhere, but again the marked and consistent 
relief obtained by oxygen therapy brings us 
back to a basic chemical control. 

Cardiac asthma, sometimes truly asthmatic 
in form, is still basically an acute pulmonary 
congestion. While it may respond to broncho- 
dilators, its relief more often depends upon the 
use of oxygen, frequently with positive pres- 
sure, upon digitalization, sedation, and diu- 
retics. 

Cheyne-Stokes respiration in heart failure 
has not been sufficiently explained. We know 
that it occurs clinically in advanced failure 
with retarded circulation, more in arterioscle- 
rotic or cardiorenal forms than in rheumatic, 
that it never occurs in the dyspnea of chronic 
pulmonary disease. We can measure the anoxia 
and hypercapnia in the apneic phase and the 
hypocapnia in the hyperpneic; we can stop 
it by breathing carbon dioxide, occasionally 
by breathing oxygen. The exact chemical and 
dynamic circumstances that determine its on- 
set, however, or the true relation between this 
and experimental periodic breathing of central 
nervous, or anoxic, or hypocapneic origin, are 
not known. 

My last case and final point in this presenta- 
tion concerns the patient bedeviled all his life 
by a cardiac murmur. It brings us back again 
to our starting point, the importance of con- 
sidering the whole patient in the analysis of 
his clinical state. There is nothing new about 
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this. Dr. Conner’s fine paper 20 years ago on 
the psychic factors in cardiac disorders*® 
pointed the way. Various recent writers have 
referred to “iatrogenic” heart disease, an ex- 
cellent term. We have encountered some fla- 
grant examples, as others doubtless have also, in 
examining cases referred for cardiac surgery. 
They are individuals with a story of severe 
exertional dyspnea who have been found to 
have entirely normal cardiac and pulmonary 
function, both at rest and on the standard 
exercise test. Going back to the patient again, 
we have found that having had a cardiac mur- 
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Fic. 12. Patient W. G. Dynamics of circulation. 


mur all his life, the patient has not been allowed 
exertion to the point of even normal breathless- 
ness. He has suffered not from dyspnea, but 
the fear of dyspnea. Figure 12 shows the meas- 
urements on one such patient in rest and exer- 
cise. Perhaps as great satisfaction as we have 
had in our physiologic studies has been the 
demonstration to these patients that they need 
no severe restriction, but can lead essentially 
normal lives. 

It may seem inconsistent that I am arguing 
for more emphasis on the psychogenic factor 
in cardiac dyspnea, and less in pulmonary 
dyspnea. My impression may be mistaken, but 


it has been, in fact, that the diagnosis of 
neurosis is made rather too often in chronic 
pulmonary disease and perhaps not often 
enough in rheumatic heart disease with a valvu- 
lar murmur but no failure. 

In summary, I should like to stress the fo!- 
lowing: 

1. Dyspnea, or distressed breathing, is a very 
different entity from one disease to another, 
and its special qualities in each deserve bot: 
physiologic and clinical analysis. 

2. In general, it can be thought of as a balance 
between breathing capacity and breathing ei- 
fort, on the one hand, and on the other, the 
actual ventilation produced by the existing 
respiratory stimulus. 

3. The multiple or summation theory of 
respiratory stimulus has made a significant 
contribution to our understanding of dyspnea. 

4. Hyperventilation is common both to pul- 
monary and to cardiac dyspnea, often more 
pronounced in the former. 

5. One should be cautious in explaining dysp- 
nea on a functional or neurotic basis when 
organic pulmonary disease is present. 

6. In cardiac dyspnea, the factor of muscular 
exhaustion, due to reduced blood flow, may be 
significant. 

7. Pulmonary hypertension and congestion 
may be the chief element producing symptoms 
in advanced left-sided congestive failure. 

8. In general, the dyspnea of mild cardiac 
failure appears to be due chiefly to inadequate 
‘ardiac output; that of advanced congestive 
failure to pulmonary congestion. 

9. “Iatrogenic” heart disease still occurs; 
that is, the patient with a cardiac murmur 
whose physical activity is needlessly restricted. 


SuMARIO EspaANOL 


Disnea tiene muchas caracteristicas que di- 
fieren de un estado clinico a otro. En enfer- 
medades pulmonares la causa inmediata es 
usualmente una desproporcién entre la venti- 
lacién actual y la capacidad respiratoria. La 
hiperventilacién de enfermedad pulmonar or- 
ganica es frecuentemente confundida con psico- 
neurosis. En disnea cardiaca temprana, cansan- 
cio muscular con una produccidén total cardiaca 
insuficiente puede que sea un factor. Conges- 
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t On pulmonar es un factor importante en casos 
mas avanzados de decompensacién del ventri- 
culo izquierdo. 
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The Selection and Medical Management of 
Patients with Mitral Stenosis Treated by 
Mitral Commissurotomy 


By Grorce C. Grirrira, M.D., Harotp Miuuer, M.D., Px.D., Ricuarp 8. Cossy, M.D., Davi» 
C. Levinson, M.D., Sim P. Diwtrrorr, M.D., WriLLarp J. Zinn, M.D., Ropert W. Osiata, M.D , 


LAWRENCE M. HerMAN, M.D., VARNER J. Jouns, Jr., M.D., B. W. Meyer, M.D., ano 
Joun C. Jones, M.D. 


The selection of patients for mitral commissurotomy must be made after considering all manifes- 
tations of the rheumatic state. A conservative approach is urged and no patients should be operated 
upon without evidences of increasing pulmonary hypertension and right heart strain. The prepara- 
tion of the patient, the management of the arrhythmias during surgery and the postoperative care 
are the full responsibilities of the physician. A team composed of physiologists, cardiologists and 


surgeons must work together. 


NEW generation of dynamic surgeons 

and physiologists armed with experi- 

mental data gained through cardiac 
catheterization technics has approached the 
baffling hemodynamic problems of which mitral 
stenosis is an outstanding example. The clini- 
‘al course of mitral stenosis in a fairly large 
group of individuals represents a slowly pro- 
gressive sequence of events often leading to 
permanent cardiac disability. The development 
of auricular fibrillation and thromboembolism 
increase the likelihood of invalidism and result 
in an average life span of only 46 years, ac- 
cording to Levine.* This clinical pattern is 
physiologically defined in terms of elevated 
left atrial pressure behind the blocking action 
of the stenosed mitral valve. In order to estab- 
lish a satisfactory pulmonary arterial gradient, 
elevation of pulmonary artery pressure must 
take place, with the vicious cycle ending in 
hypertrophy, dilatation and failure of the right 
ventricle. Therefore, the internist and cardiolo- 
gist are compelled to evaluate the patients with 
mitral stenosis in order to submit to surgery 
that group of patients which can be helped 
most, to prevent needless surgery in that larger 
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group which can be treated medically, and 
lastly, to find those patients in which surgery 
may be harmful. To do this successfully, the 
selection of cases depends upon many mani- 
festations other than the narrowed mitral ori- 
fice. Table 1 serves a useful purpose in the 
evaluation of each prospective candidate for 
mitral commissurotomy. The historical back- 
ground and review of the progress in this field 
are stated in recent excellent articles (Andrus! 
and Bland?) and will not be repeated here. 


SELECTION OF PATIENTS FOR 
MirraLt CoMMISSUROTOMY 


1. The Natural History of the Disease. In 
acute rheumatic fever, active rheumatic carditis 
is present in 100 per cent of the cases, but it is 
not demonstrable in more than 50 to 60 per 
cent of the patients in the primary attack. 
It is very difficult to state when the rheumatic 
activity has subsided and become completely 
quiescent. There are many patients who never 
show evidence of demonstrable rheumatic ac- 
tivity, but who develop valvular disease later 
in life. Hall‘ demonstrated that 97 per cent of 
the patients with aortic valvular stenosis have 


evidence of active rheumatic carditis even 


though they have not had any evidence of |” 


active rheumatic fever during life. The absence 
of arthritis, chorea, fever, tachycardia, and 
even the absence of an increased sedimentation 
rate do not fully rule out a smoldering rheu- 
matic state. As rheumatic fever is more com- 
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mon in the first three decades of life and tends 
to become quiescent in the third decade, there 
is much less danger of lighting up rheumatic 
ac‘ivity in, or after, the third decade. For this 
re:son patients over 25 years of age are more 


Favorable 


| 25 to 40 years 


1. Age of patient 


2. Length of time of rheu-| 10 years 
matic fever 
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3. Active rheumatic fever Not present 





4. Mitral stenosis Clinically ‘‘pure’”’ 


5. Mitral insufficiency None 


GEORGE C. GRIFFITH, ET AL. 


TABLE 1.—Evaluation of Patients for Mitral Commissurotomy 





6. Aortic stenosis None 








7. Aortic insufficiency None 





8. Mitral valve Not calcified 





9. Left 
ment 


auricular  enlarge- | 


enlargement 





10. Auricular fibrillation Not present 


Definite, but minimal) Enlarged +2 
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tion, but many patients with mitral stenosis 
have a minimal early diastolic murmur audible 
along the left border of the sternum. This may 
be due to pulmonary incompetency, the so- 
called Graham-Steele murmur, resulting from 
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10 to 25 years | Over 25 years 

















Positive presence 





Questionable presence 











Impure Impure 












Minimal Marked 





Minimal Marked 




















Marked 


Minimal 








| Calcified Markedly calcified 






| (Giant) enlarged +4 












Present Uncontrolled 















11. Pulmonary hypertension 
normal pressure 


12. Subacute bacterial endo- | Absent 
carditis 


13. Congestive failure Absent 








Moderate or severe, twice! Very high 








Under twice normal or 
2nd pulmonary art. dis. 
hemosiderosis, fibrosis 






| Absent Present 








Controlled Uncontrolled presence 






















nomena 
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lively to be suitable for operative intervention 
tian those under 20, as far as rheumatic activ- 
iy is concerned. In our operated cases Aschoff 
1.odules were found in 25 per cent of the ampu- 
‘ted auricular appendages. 

2. Multiple Valve Involvement. Aortic insuffi- 
©encey is at present regarded as a contraindica- 


14. Hemoptysis, paroxys. Absent Present | Present 
pulm. edema, intermittent 
rt. vent. failure 
15. Thromboemboliec phe- Absent Previous presence Uncontrolled presence 


Increasing Class II to III 






Class IV 





Increasing 
> Class IIT - 





pulmonary hypertension, and unless there is a 
Corrigan pulse and other peripheral signs of 
aortic regurgitation the early diastolic murmur 
alone should not contraindicate operation. Aor- 
tic stenosis, however, is a definite contraindica- 
tion to surgery. Pulmonic insufficiency is not 
in itself a contraindication to mitral commis- 
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surotomy. Organic tricuspid insufficiency leads 
to permanent liver damage and adds greatly 
to the risk. 

3. Mitral Valve Insufficiency. This is without 
a doubt a most important factor since a high 
degree of mitral regurgitation is a grave threat 
to operative success and, at this time, is be- 
lieved to be a definite contraindication to mitral 
commissurotomy. A loud, blowing systolic mur- 
mur in the mitral area associated with a large 
left ventricle and an increased atrial pulsation, 
as seen in the right oblique position, are im- 
portant signs of mitral insufficiency. Free mitral 
regurgitation associated with some degree of 
mitral stenosis results in extreme enlargement 
of the left atrium. In relatively pure mitral 

30 CHRONIC 


AURICULAR 
FIBRILLATION 


NUMBER 
or 10 
PATIENTS 


HISTORY 


RHYTHM 
— OF FAILURE 


HEART SE ECG 


Fic. 1. The relation of mean pulmonary pressure 
to clinical data. 


stenosis with minimal regurgitation, slight to 
moderate enlargement of the left atrium with 
hypertrophy of the muscle of the atrium is the 
rule. The massive left atrium usually indicates 
long continued rheumatic involvement of the 
muscle, a large degree of mitral insufficiency 
and associated auricular fibrillation. We accept 
the widely held view that evidence of mitral 
regurgitation of more than a minimal degree 
is a contraindication to mitral commissurot- 
omy. 

4. Calcification of the Mitral Valve. The mitral 
valve of many older patients shows some evi- 
dence of calcification which interferes with valv- 
ular function and makes surgery more difficult, 
especially in relation to the risk of thrombosis 
and embolization. Calcification of the mitral 
valve, if very marked, is a moderate contra- 
indication but not an absolute contraindication 


at the present time, as the mitral commissures 
may be separated without much difficulty even 
though the anterior and posterior leaflets may 
be calcified. The danger is embolism from a 
valcific plaque. 

5. Pulmonary Hypertension. The first effect 
of mitral stenosis is a rise of pressure in the 
left atrium and in the pulmonary vascular 
bed. Pulmonary artery pressure may rise to 
a high degree, even approaching the systen.ic 
arterial pressure. The degree of pulmonary hy- 
pertension is most difficult to evaluate clini- 
cally. It is best determined by cardiac catheter- 
ization. Mitral stenosis of severe degiee 
occasionally has been found to be accompanied 
by a normal pulmonary artery pressure and in 
ach case we learned later there was an active 
rheumatic carditis. Our best results have been 
obtained in those patients in whom operation 
has produced the most marked drop in the 
pulmonary artery pressure, as will be shown 
later. Therefore, it is important to know the 
pulmonary artery pressure, and if cardiac cath- 
eterization cannot be performed, then the fol- 
lowing criteria are helpful. 

(a) The mean pulmonary artery pressure 
has been compared with readily available clini- 
cal data (fig. 1). Using a mean pressure of 40 
mm. Hg as the dividing line between high and 
moderately elevated pulmonary artery pres- 
sures, it is noted that normal sinus rhythm 
occurs equally in the groups with high and 
moderately high pressure. Auricular fibrilla- 
tion occurs with greater frequency in those 
whose pressure is above 40 mm. Hg. 

(b) Patients with a history of occasional 
failure are found to occur frequently in the 
group with moderately elevated pressure while 
patients with a history of chronic failure are 
found to belong almost wholly in the group 
with high pressure. 

(c) A normal sized heart is found frequently 
in the group with moderately elevated pressure. 
Patients with enlarged hearts fall entirely in 
the group with high pressures. 

(d) The same thing applies to patients who 
have normal electrocardiograms; that is, nor- 
mal electrocardiograms are found much more 
frequently in those with a moderately elevated 
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pressure while electrocardiograms exhibiting ev- 
id-enee of right ventricular hypertrophy occur 
al:nost entirely in the group with high pressure. 

[f the clinician will use the readily available 
clinical data he may be able to avoid the neces- 
siiy of cardiac catheterization as far as the 
se ‘ection of the patient for mitral commissurot- 
omy is concerned. However, the benefits to be 
derived from mitral commissurotomy are de- 
termined best through the physiologic measure- 
ment of cardiac output and pulmonary artery 
pressures pre- and postoperatively (table 2). 

6. Auricular Fibrillation. The presence of 
auricular fibrillation is not so much a contra- 
indication to mitral commissurotomy as an 
indication that the optimum time for surgery 
miy have passed. If auricular fibrillation has 
been present over a long period of time, it 
points to a proportionately greater dilatation 
than hypertrophy of the atrial muscle. How- 
ever, if there is no congestive failure and the 
myocardium is relatively sound, controlled au- 
ricular fibrillation should not be a contraindi- 
cation to mitral commissurotomy. 

?. Right-sided Heart Failure. In patients with 
mitral stenosis, hemoptysis and pulmonary 
edema, evidence of right ventricular hyper- 
trophy and intermittent right ventricular failure 
occurs. This is not a contraindication if the fail- 
ure is controlled. It is good evidence of a severe 
degree of pulmonary hypertension. In this state 
mitral commissurotomy may give striking re- 
lief. In the late stages, however, where there is 
chronic, uncontrollable right ventricular failure 
with tricuspid insufficiency, increased venous 
pressure, engorgement of the liver, ascites and 
edema, mitral commissurotomy is definitely 
contraindicated. With respect to the myocar- 
dium in mitral stenosis, not all of the sympto- 
mitology is due to the mechanical effect of the 
obstruction, but some is due to the damaged 
heart muscle. Evidence of marked muscle dam- 
age: is a contraindication to mitral commissurot- 
omy. A damaged left ventricle may be unable 
to carry the increased load following the relief 
of the obstruction. It is important, therefore, 
to judge the optimum time when a mitral ob- 
struction should be relieved, preferably before 
irreversible changes have occurred in the pul- 


monary vessels, in the right heart, and finally, 
in the myocardium. 

8. Increasing Incapacity. The American 
Heart Association Classification of the func- 
tional capacity of the heart to perform work 
is most useful in the selection of patients as 
eligible candidates for mitral commissurotomy.® 
Since classes I and II represent organic disease 
with only slight limitation in work performance, 
these classes are ineligible. Class III represents 
a group of patients whose capacity to perform 
work is limited to the necessary movements of 
life. Therefore, it is most important to know 
if there has been a gradual reduction in the 
capacity to do work, that is, from class II to 
class III. On the other hand, many patients 


TABLE 2.—Relationship of Fall in Systolic Pulmonary 
Artery Pressure to Clinical Result 
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Chronic _ heart 
normal activity 


failure to 


eis) Ee 18 Some improvement in cardiac 
Jo. F. reserve 


eas. SEB Questionable or no improve- 
a es ment 
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have gone beyond class III into class IV and 
are totally incapacitated, requiring bed rest 
and the entire medical armamentarium to main- 
tain life. If patients in class IV can be fully 
compensated and for a short time returned to 
class III, surgery may be performed. The most 
important criterion is the estimation of the 
degree of incapacity in each patient. 

9. Thromboembolism. Thromboembolism is a 
strong indication to perform mitral commis- 
surotomy. If there is a recent history of major 
or minor arterial or venous embolism and the 
patient has recovered, there is good reason to 
lessen the stasis in the left atrium. The im- 
provement in cardiac output likewise lessens 
the danger of venous thromboembolism. The 
amputation of the left auricular appendage plus 
the decrease in pooling in the left atrium is 
one of the great advantages resulting from 
mitral commissurotomy. 
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MANAGEMENT OF PATIENTS SELECTED FOR 
MirraL CoMMISSUROTOMY 

This is the task of the internist and cardiolo- 
gist. The nutrition and state of well-being of 
each candidate should reach its maximum level. 
Patients with incapacity to perform normal 
functions, willingly accept the possible advan- 
tages of surgery. The cardiologist, therefore, 
must plan a program so that auricular fibrilla- 
tion and congestive failure are controlled. This 
requires digitalization to keep the ventricular 
rate between 70 and 80 and a diet to elimi- 
nate an excess of salt and water, with a high 
protein intake to improve the liver function. 
This objective can be attained by a diet com- 
posed of protein, 1.5 Gm., carbohydrate, 2 
Gm. and fat, 1 Gm. per kilogram of body 
weight with not more than 2 Gm. of sodium 
chloride per day. Distilled water, ad libitum, is 
used. Mercurial diuretics are used with care to 
promote diuresis, but never dehydration, be- 
cause of the increased danger of thrombosis 
during the dehydrated state. If congestive fail- 
ure cannot be controlled on this regimen, then 
a liquid diet made up from Lonalac, 250 Gm., 
Protenum, 100 Gm., cane sugar, 125 Gm., 
in 2000 ec. of distilled water plus 500 cc. of pure 
orange juice is given throughout the 24 hours. 
This formula has been found adequate to im- 
prove the liver function while compensation is 
being restored. 

The patient should not be submitted to sur- 
gery if there is evidence of congestive failure, 
liver engorgement or myocardial irritability 
other than the auricular fibrillation. Preopera- 
tive medication other than that used to con- 
trol the heart rate and the congestive failure 
should be minimal. We have found that 50 to 
75 mg. of Demerol is sufficient. 

The cardiologist must observe the patient 
during anesthesia and through surgery; direct- 
writer electrocardiographic recording and blood 
pressure determination are requisite. The team 
composed of the anesthetist, surgeon and car- 
diologist must work closely together. It is in 
this manner that any alteration of the hemo- 
dynamics of the surgical patient is quickly de- 
tected and the cause determined. If the heart 
rate slows dangerously, atropine or isopropy] 
norepinephrine, given intravenously, is indi- 


cated. When the blood pressure drops and there 
is electrocardiographic evidence of coronary 
insufficiency, a vasopressor drug such as methi- 
oxamine in a 5 mg. intravenous dose is indi- 
vated. If rapid auricular fibrillation occurs, 
ouabain is given slowly intravenously while the 
surgeon waits until control is gained. When 
ventricular irritability develops the surgeon 
waits, and if the irritability does not subsice 
promptly, then intravenous procaine amide in 
a dosage of 500 to 1000 mg. is given. In other 
words, the surgeon is free to concentrate on his 
work while the anesthetist maintains the ligh:- 
est possible anesthesia with full oxygenation, 
and the cardiologist is responsible for the func- 
tion of the heart at all times. Blood or plasma 
are infused as needed to prevent shock. 

Postoperatively the cardiologist continues 
full responsibility for the physiologic state of 
the heart. Hydration must be maintained to 
prevent fever, tachycardia and thromboem- 
bolism. The preoperative diet and digitalis are 
reinstituted within 12 to 24 hours. The head of 
the bed is elevated moderately as soon as full 
consciousness is restored. Deep breathing and 
arm and leg movements are insisted upon at an 
early time and the patient is gotten out of 
bed on the commode within four to six days. 
An x-ray film of the chest and an electrocardio- 
gram are made prior to discharge from the 
hospital. The average hospital stay is five days 
preoperatively and 10 days postoperatively. 
At home, if there has been no sign of failure, 
the patient rests in bed with bathroom and 
dining-room privileges for 10 days and then 
gradually increases physical activity. 

Postoperative Depo-Heparin, 200 mg. plain, 
intramuscularly, every 18 hours, is started 
within six hours and continued for three to 
four days if thrombi have been found in the 
atrium. Attempts to convert auricular fibrilla- 
tion to sinus rhythm are not made until one 
or two months have passed. 


RESULTS 


Of the first 35 patients on whom mitral 
commissurotomies were attempted, eight were 
lost. None has been lost in the last 39 opera- 
tions. It is believed that a lowered mortality 
rate can be obtained by careful selection, pre- 
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operative preparation, team work among the 
‘srdiologist, anesthetist and surgeon during 
surgery, and wisely directed postoperative care. 

Mitral commissurotomy was performed in 
71 patients prior to May 15, 1952. Of this 
number, preoperative cardiac catheterizations 
have been done in 31 and postoperative cath- 
eterizations have been done in eight. A short 
term clinical evaluation of 2 to 24 months has 
been made. The evaluation is not the opinion 
of one man, but of the team composed of the 


TaBLE 3.—Causes of Eight Deaths in 74 Patients on 
Whom Mitral Commissurotomy Was Performed 
Cardiac Arrest.....:...... 2 2 
1 During Anesthesia 
1 During Surgery 
Ventricular Fibrillation. yi : 
Imbolic Phenomena During Surgery . 
1 Calcified Plaque 
1 Thrombus 
Ruptured Valve with Acute Congestive 
Failure , 
Ruptured Left Atrium. . 
Cerebral Thrombosis (Late). . 


TABLE 4.—Complications During Surgery 
1. Cardiac Standstill 
2. Cardiac Arrhythmias 
a. Auricular Premature Beats 
b. Supraventricular Tachycardia 
ce. Nodal Rhythm 
d. Ventricular Premature Beats 
e. Bigeminal Rhythm 
f. Ventricular Tachyeardia 
g. Ventricular Fibrillation 
. Hypotension 
. Hemorrhage 
5. Thromboembolic Phenomena 
6. Rupture of Left Auricle 
cardiologist, physiologist and surgeon, who 
meet once each week. On the basis of the com- 
bined opinion, the following estimation has 
been made. About one-third of the 74 patients 
has been greatly improved. The patients feel 
so much better that they tend to disregard the 
pliysician’s instructions and advice. About one- 
third is markedly improved, the team believes, 
and the patients again feel greatly improved. 
The remaining one-third shows little or no 
evidence of change in the murmurs or in the 
physiologic function of the heart, and has been 
long in recovering from the surgery. None has 


been made worse except that mild reactivation 
of rheumatic fever has occurred in two cases. 
Eight deaths have occurred. 

Cardiac arrest during surgery is a real prob- 
lem which must be dealt with promptly by 
both pharmacologic and surgical means (table 
3). Many patients develop arrhythmias, but it 
has been learned that if the finger is removed 
from the valve area and held in the lumen of 
the atrium, the arrhythmias tend to disappear 
promptly (table 4). Embolic phenomena repre- 
sent a real threat to the success of the opera- 
tion. At least one-half of our patients have had 
thrombi in the left atrium. Thrombi which 
become detached are permitted to flow out 
through the opened auricular appendage. Occa- 
sionally a small embolus passes through the 
mitral valve. A calcified plaque on one occa- 


TABLE 5.—Postoperative Complications in 74 Patients 
on Whom Mitral Commissurotomy was Performed 


_ 


. Reactivation of Rheumatic Fever 

Hemiplegia, Transient 

. Chest Pain (Parietal) 

. A.V. Nodal Rhythm (New) 

. Auricular Fibrillation (New) 

Congestive Failure (Recovered). . 

Cardiac Enlargement 
(Temporary) ee 

8. Mitral Insufficiency (Excessive) 
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sion became dislodged from the mitral valve 
and passed to the middle cerebral artery, caus- 
ing paralysis and death promptly. One case of 
acute congestive heart failure occurred because 
the valve leaflet was ruptured, resulting in 
acute mitral insufficiency. Another patient died 
from a rupture of the left atrium. This was not 
the fault of the surgeon, but of the cardiologist 
who sent this patient with a giant left atrium 
to the surgeon. When dehydration occurs post- 
operatively, especially in those patients with 
hypotension, cerebral thrombosis is a real dan- 
ger. One such case has been lost. 

The complications which the cardiologist 
must face during surgery are related above. 
Under the heading ‘“Management” we have 
mentioned the use of atropine and isopropyl 
norepinephrine for the treatment of brady- 
‘ardia and cardiac standstill. The atrial ar- 
rhythmias are best treated with a quick-acting 
digitalis or digitalis-like preparation such as 
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ouabain (table 4). The ventricular arrhythmias 
are best controlled with procaine amide, 500 
to 1000 mg. intravenously. Hypotension is 
treated by the use of methoxamine compounds 
such as Vasoxyl or Wyamine. Hemorrhage is 
treated by replacement therapy. Thromboem- 
bolic phenomena are treated best by using the 
anticoagulants prior to surgery in those pa- 
tients who have had recent emboli. The anti- 
coagulant is stopped preoperatively for 24 to 
36 hours and reinstituted, using Depo-Heparin, 
six hours after surgery. The complications fol- 
lowing surgery are enumerated (table 5). These 
are treated by the clinician in the accepted 
manner, that is, by bed rest, digitalization, 
dietary management and mercurial diuretics. 


SUMMARY 


To evaluate a patient with mitral stenosis 
all the manifestations of the rheumatic state 
must be considered. Only those patients with 
a narrowed mitral orifice whose capacity to 
perform work has been diminished are con- 
sidered eligible for surgery. The criteria 
whereby selection is made are enumerated. The 
management of the patient before, during and 
after surgery is a team job, with the internist 
or cardiologist carrying the main responsibil- 
ity. 

ADDENDUM 


Since this study was reported, 52 additional 
patients have been operated upon, one patient 
being lost through uncontrolled ventricular 
tachycardia. This result has been accomplished 
by strict adherence to the criteria for the selec- 


tion of and management of patients for mitral 
commissurotomy which have been outlined in 
this paper. 
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Sumario EspaNou 


La seleccién de pacientes para comisurotom ‘a 
mitral se debe hacer considerando todas ls 
manifestaciones del estado reumatico. Un acer- 
camiento conservativo se urge y 


ningtin 
paciente se debe operar a menos que no haya 
evidencia de aumento en hipertensién pulmonir 
y esfuerzo del corazén derecho. La preparacicn 
del paciente, el tratamiento de las arritmi:s 
durante la operacién y el cuidado postopera- 
torio son responsabilidades del médico intern- 
ista. Una cooperativa de fisidlogo, cardidlogo y 
cirujano deben funcionar juntos. 
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Prevention of Plasma Cholesterol Elevation 


and Atheromatosis in the Cholesterol-Fed 


Bird by 
cholesterol 


By M. D. Strerstern, M.D., C. W. Nicos, Jr., M.A., ano I. L. Cuarkorr, M.D. 


The effect of the addition of dihydrocholesterol to a high cholesterol diet has been studied in the 


the Administration of Dihydro- 


chicken. It is shown that in this species the elevated plasma cholesterol and resulting atherosclerosis 


CCORDING to present concepts, the 
level of plasma cholesterol or some com- 
ponent thereof, is a critical factor in 

the development of arteriosclerosis. It is not 

surprising, therefore, that, as a means of pre- 
venting arteriosclerosis, attention has been fo- 
cused upon methods for lowering the level of 
circulating cholesterol. Until recently the feed- 
ing of a diet low in lipids has been the only 
method proposed for achieving this aim. But it 
is apparent that the control of diet is difficult, 

if not impractical, for the population as a 

whole. 

In this laboratory we have approached this 
problem from a different point of view, namely, 
we have sought methods that will maintain a 
normal cholesterol level in the plasma even in 
the presence of a high cholesterol intake. Our 
first attempt to prevent the rise in plasma 
cholesterol in cholesterol-fed chickens was by 
the feeding of ferric chloride.! Although the 
administration of this salt kept the level of 
plasma cholesterol from rising excessively, the 
prolonged feeding of large amounts of iron, as 
was to be expected, proved noxious.* This ex- 
veriment did, however, show the feasability 
of such an approach to the control of the level 
plasma cholesterol. 


— 


of 


‘rom the Division of Physiology of the University 
California School of Medicine, Berkeley, Calif. 
\ided by grants from the U. 8S. Public Health 
Service and the Life Insurance Medical Research 
Fund. 

In these initial experiments we used a diet con- 
ta iing 3 per cent ferric chloride. Experiments with 
ler doses, presumably nontoxic, are underway. 


0 


can be reduced to normal levels by such a procedure. 





The recent demonstration by Peterson, that 
mixed soybean sterols prevented the rise of 
plasma cholesterol? and reduced the incidence 
of atherosclerosis? in birds fed cholesterol, 
then led us to investigate the possible blocking 
action of animal sterols closely related to cho- 
lesterol. Dihydrocholesterolt was first chosen 
for study because of its close structural sim- 
ilarity to cholesterol—it differs only in the 
saturation of the double bond between carbons 
5 and 6. It is shown here that the administra- 
tion of dihydrocholesterol to birds fed a diet 
containing 1 per cent cholesterol almost com- 
pletely prevented both the rise in plasma cho- 
lesterol and the ensuing atherosclerosis. 


EXPERIMENTAL 


Twenty-two White Leghorn cockerels, ob- 
tained at the age of 3 months from the Depart- 
ment of Poultry Husbandry, were fed Purina 
Broiler Chow (starter ration) for two weeks. 
At the end of that time a blood sample was 
taken for determination of the basal plasma 
lipids. The birds were then divided into three 
groups and fed the diets shown in table 1. 
These diets were fed ad libitum for 11 weeks. 
The average daily food consumption for each 
group is likewise shown in table 1, and their 
growth is shown in figure 1. During these 11 
weeks, five blood samples were drawn from 
each chicken. Total plasma cholesterol was de- 
termined by a modification of the method of 





} We are indebted to Dr. R. E. Waterman of the 
Schering Corporation for generously supplying the 
dihydrocholesterol used in this study. 
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PREVENTION OF PLASMA CHOLESTEROL ELEVATION 


TABLE 1. 


Group number 


Composition of Diets 

All diets consisted of Purina Broiler’ Wesson Oil 
Chow (starter ration) to which) Cholesterol 
was added one or more of the fol-| Dihydrocholesterol 
lowing constituents: 


Group symbol in Figures 1 to 4 


Food Consumption 

Each value represents the 
amount (Gm.) consumed per bird per 
day. 


average 
3rd 
4th 
5th 
6th 
7th 
8th 
9th 
10th 
llth 


Composition of Diets and Food Consumption 


5% 
None 
None 


1% 


None 


Ist week 
2nd week 


week 
week 
week 
week 
week 
week 
week 
week 
week 


Average 


(GRAMS) 


WEIGHT 
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Fic. 1. Growth curves for the three experimental 
groups. 


O—Birds fed basal diet. 
A 


Birds fed basal diet to which was added 1 per 
cent cholesterol. 

O—Birds fed basal diet to which were added 1 per cent 
cholesterol and 2 per cent dihydrocholesterol. 
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Fic. 2. Influence of dihydrocholesterol feeding 
upon plasma cholesterol levels of the cholesterol-fed 
chicken, 

O—Average plasma cholesterel levels of eight birds 
fed a basal diet (Purina Broiler Chow plus 5 per 
cent Wesson Oil). 

Average plasma cholesterol levels of eight birds 
fed a basal diet plus 1 per cent cholesterol. 
Average plasma cholesterol levels of six birds 
fed a basal diet plus 1 per cent cholesterol p/us 
2 per cent dihydrocholesterol. 
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Sackett, phospholipids by the method of 
King® and fatty acids by the method of Bauer 
an‘! Hirsch.® 

(he plasma levels of cholesterol and phos- 
ph lipids remained relatively constant in the 
coutrol birds (figs. 2 and 3), while the fatty 
acil values in this group (fig. 4) decreased 
during the course of the study. The chickens 
receiving 1 per cent cholesterol in their diet 
manifested the usual pronounced rise in plasma 
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Kic. 3. Influence of dihydrocholesterol feeding 

upon plasma phospholipid levels of the cholesterol- 

fed chicken. 

O— Average plasma phospholipid levels of eight birds 

fed a basal diet (Purina Broiler Chow plus 5 per 

cent Wesson Oil). 

Average plasma phospholipid levels of eight birds 

fed a basal diet plus 1 per cent cholesterol. 

Average plasma phospholipid levels of six birds 

fed a basal diet plus 1 per cent cholesterol plus 

2 per cent dihydrocholesterol. 
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cholesterol, phospholipids, and fatty acids (figs. 
2,3, and 4). Thus by the end of the second 
week, the average plasma cholesterol value 
was 665 mg. per 100 ml., by the end of the 
sixth week, 855 mg. per 100 ml., and 948 mg. 
per 100 ml. by the end of the tenth week. 

The addition of dihydrocholesterol to the 
cholesterol diet completely prevented the hy- 
perlipemic effects of the cholesterol feeding. 
No: only did the plasma cholesterol levels in 
the birds of group 3 remain in the same range 


© as those in the control birds, but, likewise, 


phospholipids and fatty acids failed to show 
any significant elevation. It should be noted 
that the effect of dihydrocholesterol is not due 
to a lower consumption of cholesterol and fat 
(table 1). Indeed, the total food intake of the 
dihydrocholesterol-fed birds (group 3) was ac- 
tually slightly greater than that of birds fed 
cholesterol alone (group 2). Furthermore, the 
gain in weight (fig. 1) shown by the birds of 
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Fig. 4. Influence of dihydrocholesterol feeding 
upon plasma fatty acid levels of the cholesterol-fed 
chicken. 

O—Average plasma fatty acid levels of eight birds 
fed a basal diet (Purina Broiler Chow plus 5 per 
cent Wesson Oil). 

A—Average plasma fatty acid levels of eight birds 
fed a basal diet plus 1 per cent cholesterol. 
O—Average plasma fatty acid levels of six birds fed 
a basal diet plus 1 per cent cholesterol plus 2 

per cent dihydrocholesterol. 


group 3 was of the same order as that observed 
in the controls (group 1). 

At the end of the 11 weeks, autopsies were 
performed on all birds. The aorta of each 
chicken was. removed and examined for gross 
atheromata. Each lesion was carefully meas- 
ured, and an estimate made of its area. The 
total areas of the atheromatous plaques of the 
thoracic and of the abdominal aortas were then 
calculated. 

The effect of the dihydrocholesterol feeding 
on the development of atheromata in thoracic 
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and abdominal aortas in cholesterol-fed birds 
is shown in table 2. The prevention of the char- 
acteristic lesion, observed in both portions 
of the aortas, is quite striking. Thus the aver- 
age area of grossly visible lesions in the thoracic 
portion of the aortas of the birds fed only 


PREVENTION OF PLASMA CHOLESTEROL ELEVATION 


and 0.5 mm.? for thoracic and abdominal aortas 
respectively. 

The significance of the experimental ap- 
proach presented here to the control of plasma 
cholesterol, and possibly atherogenesis, in man 
is now under investigation. 


TaBLE 2.—Effect of Dihydrocholesterol wpon the Degree of Atherosclerosis in the Cholesterol-Fed Bird 


Bird no. Diet 


No cholesterol (group 
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No cholesterol (group 
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14 cholesterol (group 
15 cholesterol (group 
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10 cholesterol 


Average 


17 cholesterol + ‘ 
18 cholesterol + 
19 cholesterol + 
20 cholesterol + ‘ 
21 cholesterol + 
cholesterol + 


Average 


cholesterol was 130 mm.*, while five of the six 
birds that received dihydrocholesterol along 
with cholesterol showed no gross lesions what- 
soever in this portion of the aorta. The aver- 
age atheromatous lesion in the abdominal aorta 
of the birds fed cholesterol measured 50 mm., 
whereas that in the birds fed dihydrocholesterol 
plus cholesterol was 9.5 mm. It should be 
noted that two of the birds fed the control 
diet showed atheromatous lesions. The aver- 
age degree of severity of this group was 4.5 mm? 
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.5 mm.? 5 mm.’ 


dihydrocholesterol (group : 
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1.3 mm.? 9.5 mm.” 


SUMMARY 

1. Birds fed a diet containing 1 per cent 
cholesterol developed characteristic lipemia with 
average plasma cholesterol values ranging from 
665 to 948 mg. per 100 ml. during the 11 
week period. 

2. Simultaneous feeding of dihydrocholesterol 
with this 1 per cent cholesterol diet resulted in 
complete suppression of the lipemia. During 
the period of observation the average plasma 
cholesterol values varied from 120 to 179 mg. 
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Reaffirmation of the Auriculoventricular 
Conduction System in Man 


The Introduction of a Unique Technic for Its Serial 
Motion Picture Reconstruction 


By Joun L. Reap, M.D., Ertine 8. Heere, Px.D., ANp Stwon Russi, M.D. 


Gross and microscopic studies of the auriculoventricular conduction system were performed in 60 
human hearts. A unique technic is introduced which will produce a photographic record of undis- 
torted serial sections through a block containing the auriculoventricular node, auriculoventricular 
bundle and branches. By projecting the completed film as a motion picture, the course and chang- 
ing relationships of component structures can be followed from level to level in uninterrupted 
sequence. The neurogenic versus the myogenic concept of cardiac conduction is reviewed at length. 


HE current or myogenic concept of car- 

diac conduction postulates that the im- 

pulse to contraction in the human heart 
and that of various ungulates originates in the 
sinoauricular node located at the junction of the 
superior vena cava and the right auricle. Thence 
it spreads radially over the walls of the auricles 
to reach the ventricles via a single muscular 
auriculoventricular bundle of His' situated in 
the lower part of the interauricular septum. 
The latter stems from a distinct auriculoventric- 
cular node (node of Tawara?). This node has a 
number of connections with myocardial fibers 
of the right auricle. The auriculoventricular 
bundle divides into right and left branches 
which are distributed to the corresponding sides 
of the interventricular septum. This concept 
has been established by various investigators 
and is lent collateral support from findings in 
other mammals. Each bundle forms a wide- 
spread subendocardial network in man. 

The myogenic versus the neurogenic theory 
of conduction has long posed a controversial 
question in cardiac physiology. Prior to 1893 
there was no known muscular connection be- 
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tween the auricles and the ventricles of the 
mammalian heart. Because nerve elements 
passed over the auriculoventricular groove, it 
was assumed that the impulse to contraction 
was transmitted by way of the neurogenic 
route. In 1893 His' published his classic descrip- 
tion of the auriculoventricular bundle. Shortly 
before this, Kent* described muscular bridges 
connecting the auricles with the ventricles. He 
also dissected out the auriculoventricular bun- 
dle but failed initially to recognize its signifi- 
‘ance. This was followed in 1906 by Tawara’s 
description of the auriculoventricular node. 
Their findings were endorsed by the investiga- 
tions of Keith and Flack,’ Cohn,®> Kent,*:? 
King’ and others. In 1907 Erlanger and Black- 
man,’ observing aseptic technic, crushed the 
auriculoventricular bundle in dogs by means 
of a special clamp (Erlanger clamp) and thereby 
produced complete experimental heart block. 
The block persisted during the remaining life 
span of the dogs (320 to 340 days). In 1935 
Kountz and his associates’? sectioned the left 
bundle branch in human hearts which had been 
revived after death by perfusion of the heart 
and lungs in situ. Standard lead electrocardio- 
grams revealed the pattern of bundle branch 
block. In the same year they produced bundle 
branch block in living monkeys.'' Similar re- 
sults in monkeys were achieved by Storm” in 
1936. In conjunction with their work on re- 
vived human hearts, Kountz and associates" 
attempted to explain the difference between 
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the human electrocardiographic pattern of bun- 
dle branch block and the so-called classic in- 
terpretation derived from studies on canine 
herts. This difference had been recognized by 
Barker, Macleod and Alexander,'* Oppenheimer 
an‘! Pardee,!® Farr,'® and others. Kountz found 
thit with the dog assuming its usual posture, 
the heart lay anteriorly and electrocardiograms 
so obtained were similar to those of man. In 
the experimental positions, however, with the 
chest open and the dog on its back, the heart 
falls posteriorly a considerable distance in the 
mediastinum and rotates clockwise. The human 
chest does not allow for such marked changes 
in heart position. The beating dog’s heart was 
next placed within the pericardial cavity of a 
human cadaver and electrocardiograms ob- 
tained were again similar to those from the 
human heart. 

Thus, it was established that the auriculo- 
ventricular bundle represents the sole pathway 
by which the cardiac impulse is conveyed from 
auricle to ventricle; further, that the A-V bun- 
dle does not regenerate. In 1925, using elec- 
trocardiographic methods, Lewis'? demon- 
strated a difference in the rate of conduction in 
various cardiac fibers. He found the speed of 
conduction to be proportional to the glycogen 
content and fiber size but inversely propor- 
tional to the rhythmicity and refractory period. 
Conduction time varied from 0.2 meters per 
second in the small nodal fibers to 4.0 meters 
per second in the Purkinje fibers. 

The myogenic theory remained firmly es- 
tablished until 1940 when Glomset and as- 
sociates,'8“! in a series of papers, challenged 
the myogenic in favor of the neurogenic con- 
cept. They agree with the existence of a myo- 
genic system in sheep, cattle and swine, but 
no! in man, dog, and the horse where they feel 
that the system is vestigial and does not me- 
diaie conduction. They conclude as follows: (1) 
There is no distinct A-V node; (2) the bundle 
of | lis is structurally identical with other mus- 
cle fasiculi; it has no left branch and therefore 
docs not bifureate; (3) the ridge fasiculus (bun- 
dle of His) has no special vascular supply; 
(4) there is no muscular connection between 
the fibers of the ridge fasiculus and the right 
auricle; (5) in dog and man, all elements iden- 


tified as Purkinje fibers are ordinary muscle 
fibers which have been altered slightly by their 
environment in regions where the bundle and 
its branches are supposed to exist; (6) the 
amount of glycogen revealed by staining with 
iodine and Best carmine does not constitute a 
distinguishing feature of the Purkinje fiber; 
(7) the vesicular, hollow or vacuolated appear- 
ance of the Purkinje fiber represents an arti- 
fact; nowhere did they find evidence of transi- 
tion from Purkinje fiber to ordinary cardiac 
muscle fiber; (8) there is no anatomic evidence 
to support the myogenic theory of cardiac 
conduction. 

Finally, they state: ‘““‘We therefore believe 
that the cardiac musculature is under a nervous 
control similar to that of other muscle tissue 
and consider it physiologically unsound to draw 
conclusions concerning cardiac conduction 
without taking cognizance of the rich intrinsic 
nerve system of the heart.” 

Faced with these apparently heretical ob- 
servations, the exponents of the myogenic thesis 
renewed their investigations. Since the work 
of Glomset and coworkers, a series of studies 
of human and mammalian embryos has tended 
to reaffirm the myogenic hypothesis. 

Walls” studied serial sections of human em- 
bryos in an attempt to determine whether the 
conducting tissue developed as other organs 
of the body or are simply remnants of junc- 
tional tissues found at the sinoau-icular and 
auriculoventricular rings. He concluded that, 
“The bundle is a new formation which arises 
from that primitive nodal tissue by a process 
of active growth.” This view is also adhered to 
by Tandler,> Retzer,*-*5 Shaner,?* and 
Davies.” 

Structural differentiation of the human heart 
was found to commence at the 8 mm. stage, 
the auriculoventricular node and bundle of His 
being formed in advance of the sinoauricular 
node. The auriculoventricular node extends 
from a position behind the dorsal endocardial 
cushion to reach the crest of the interventricu- 
lar septum where it bifurcates. The sinoauric- 
ular node appears at the 10 mm. stage and 
nerve elements at the 20 mm. stage. Function 
begins before the appearance of nerve elements. 
In studies on living rat embryos, Goss”? cb- 
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served the initial activity of contraction to oc- 
cur at the two somite stage in the left heart 
just to the ventricular side of the A-V junc- 
tion at a regular rate of 32 to 42 beats per 
minute. This was followed in a few hours by 
contractions from the corresponding area of the 
right side so that the ventricles contracted 
asynchronously. By the eight somite stage, 
however, the tardier sinoauricular node be- 
came the pacemaker, initiating contractions 
0.1 to 0.2 second before the ventricles with a 
consequent increase in rate. Patten and 
Kramer” (1933) had made similar observa- 
tions in the living chick embryo. They point 
out that the change of pacemaker occurs be- 
fore any neuroblasts approach the heart. 

In 1948 Robb and Kaylor* carried out a de- 
tailed study of the specialized tissue of the 
human fetal heart at various stages of develop- 
ment. Their observations on the distribution of 
the specialized cells of the A-V system were 
somewhat at variance with those of Tawara’ 
and Monckeberg*' who reported that special- 
ized fibers to the septal and lateral walls arose 
from recurrent. branches in the apical regions. 
The authors found that the specialized cells 
of the A-V system also occurred throughout the 
septum. They stress the importance of this 
finding on the present day interpretation of 
electrocardiograms. The constant appearance 
of more than one right branch is also em- 
phasized and its possible relation to the Wolff- 
Parkinson-White® syndrome is discussed. The 
authors hesitate in their acceptance of the 
myogenic theory on the grounds that complete 
knowledge is lacking concerning the exact path- 
ways, terminations and function of sympa- 
thetic nerves which accompany the bundle and 
branches. The pathways of the parasympa- 
thetic nerves, however, have been superbly 
demonstrated by Nonidez.** They mention the 
present day tendency to overlook this gap 
in our knowledge and state: 


“We must realize that the exclusive allocation of 
the function of the specialized cells depends on one 
type of experiment. The method was to cut or 
crush the bundle and allow the animals to recover. 
The assumption was made that if the conducting 
tissue were nerve, regeneration would not occur and 
the block would be permanent. The comment may 


be made that scar tissue barriers may prevent 
peripheral regeneration of axones. Such barriers are 
present following cutting, crushing, ligation, or in- 
jection experiments at the base of the heart. Thus 
we may say the presumptive (but not the absolutely 
proven) opinion is that the specialized tissue is the 
ordinary conducting pathway from auricle to ven- 
tricle. At times this pathway probably yields to one 
consisting of ordinary muscle fibers.” 


Davies and Francis* approached the prob- 
lem from the ontogenic viewpoint in poikilo- 
and homothermic vertebrates and concluded 
that nodal and Purkinje fibers represent neo- 
morphic developments in the hearts of maz- 
mals and birds, whereas in poikilothermic ver- 
tebrates, there is no specialization of cardiac 
muscle fibers. They postulate a differential dis- 
tribution in the various chambers of certain 
chemicals known to affect muscular contrac- 
tion to be responsible for the ordered function 
of the poikilothermic heart. 

It has been shown that the foundation for 
the myogenic concept rests upon a number of 
conclusive anatomic and physiologic investiga- 
tions. Most important has been the observa- 
tion that the conduction system is composed 
of modified muscle or Purkinje*® tissue. In 
1947 Truex and Copenhaver*® reviewed the 
literature and made a detailed study of Pur- 
kinje fibers from the hearts of man and various 
mammals. They successfully resolved many of 
the controversial problems pertaining to the 
structure and identification of these fibers in 
man. They describe Purkinje fibers as contain- 
ing fewer myofibrillae but more interfibrillae 
and interfibrillar sarcoplasm, which accounts 
for their clearer, less compact appearance. The 
center of the fiber is devoid of myofibrillae and 
is filled with a granular sarcoplasm in which the 
nuclei are seen usually in groups of two or more. 
Purkinje fibers were identified most easily by the 
Azan and Masson technic in sheep, pigs, calves 
and cattle. In these species, the bluish ap- 
pearance of the cytoplasm contrasted sharply 
with the more intense reddish staining of ordi- 
nary cardiac muscle. The number of fasicles 
also represented a distinguishing feature. These 
criteria proved of little value in cats, monkeys 
and man where the singly arranged Purkinje 
fibers did not always stain differentially and 


ite eid aie ha oe weil pale ae 





Tees rian dae Ga a a ee eal oa aS eee 


READ, HEGRE AND RUSSI 45 


la‘ked a continuous connective tissue sheath 
tc delimit them from adjacent muscle. In fact, 
tl is sheath is so well developed in the ungulates, 
that it has been studied extensively by the in- 
je:tion of various dyes.®: 8: “4! However, with 
higher magnification the larger Purkinje fibers 
in man were readily identified by their clear 
ecntral area and sparse peripherally placed 
myofibrillae. They were able to identify Pur- 
kinje fibers in 14 of 20 human hearts. Because 
of an evident overlap in the diameter of Pur- 
kinje and cardiac muscle fibers, they computed 
all average measurement on the basis of 25 
fibers of each. Only those fibers were selected 
which included nuclei in the plane of the sec- 
tion and these were measured in their widest 
portions. Purkinje fibers were found to be twice 
the mean diameter of cardiac fibers in all ani- 
mals except man. In cattle the cardiac fibers 
averaged 15.5 microns as compared to 43.6 
microns for the Purkinje fibers, whereas in 
man, the comparison was 16.1 to 20.6 microns. 
Examination of longitudinal sections revealed 
regions of continuity between Purkinje and 
cardiac fibers. Purkinje fibers stained with Best 
‘armine glycogen consistently revealed an ex- 
cess of glycogen. They emphasize the state of 
tissue preservation in specimens to be studied 
and conclude that much of the confusion over 
this subject arises from a failure to appreciate 
individual and species difference of Purkinje 
fibers. The so-called ‘typical Purkinje fiber’’ 
is a popular fallacy, since it is often based on the 
appearance of the typical fiber in another spe- 
cies. 


MATERIALS, METHODS AND FINDINGS 


Vacroscopic studies. The auriculoventricular 
conduction system was dissected out in a total 
of 50 human hearts from an average age group 
of 10 years. Forty hearts were examined after 
fixation in formalin. The remainder were ex- 
amined unfixed. Dissections were performed 
with the aid of a binocular dissecting micro- 
secpe at a magnification of seven diameters. 
Tle auriculoventricular node, auriculoventricu- 
lar bundle, and right bundle branch were lo- 
caied with ease. Considerable care, however, 


Was necessary in defining the left bundle 
branch. 


Microscopic studies. Four adult hearts were 
examined by consecutive serial sections. Six 
others were studied by taking a series of sec- 
tions through areas known to contain the com- 
ponent structures of the conduction system. 


Fic. 1. Photograph of dissection of the auriculo- 
ventricular node, auriculoventricular bundle, and the 
right bundle branch of the unfixed human heart 
(approximately <4). Viewed from the right side of 
the interventricular septum and demonstrating the 
anterior papillary muscle. AVN, auriculoventricular 
node; AVB, auriculoventricular bundle (bundle of 
His); RBB, right bundle branch; MS, membranous 
portion of the interventricular septum; TV, tricuspid 
valve; RVS, right ventricular septum. 


All hearts studied were essentially normal ex- 
cept for a few with moderately severe athero- 
sclerosis. Serial blocks were cut through the 
crest of the auriculoventricular septum and 
along the course of the bundle branches. Sec- 
tions were 8 to 12 microns in thickness. Sec- 
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Fic. 2. Photograph of dissection of the auriculo- 
ventricular node and auriculoventricular bundle 
which demonstrates the bifurcation of the auriculo- 
ventricular bundle of the normal adult human heart 
following formalin fixation (approximately x4). 
AVN, auriculoventricular node; AVB, auriculoven- 
tricular bundle; LBB, left bundle branch; RBB, right 
bundle branch; TV, tricuspid valve; RVS, right ven- 
tricular septum. 


Fic. 3. Photomicrograph of the auriculoventricu- 
lar node in cross section (X16). Van Gieson’s stain. 
AVN, auriculoventricular node. 


CONDUCTION SYSTEM 


tions were stained with hematoxylin and eosin 
except for every fifth section which was stained 
by the Van Gieson method. 

The auriculoventricular node is roughly flask- 
shaped and is located on the right side of the 
interauricular septum between the orifice of 
the coronary sinus and the right border of the 
membranous septum of the ventricle (figs. 1 
and 2). It measures approximately 8 by 4 by 


Fic. 4. Photomicrograph of the left bundle branch 
leaving the auriculoventricular bundle, in cross sec- 
tion (X16). Van Gieson’s stain. LBB, left bundle 
branch; AVB, auriculoventricular bundle; VS, ven- 
tricular septum. 


0.6 mm. The node converges toward, and its 
anterior portion penetrates, the central fibrous 
body (trigonum fibrosum) where it forms a 
slender muscle bundle, the bundle of His, which 
measures 1 to 4 mm. in width and approxi- 
mately 15 to 20 mm. in length. The bundle is 
roughly triangular on cross section. It bridges 
the crest of the interventricular septum within 
the lower part of the membranous septum of 
the ventricle and just below the mesial portion 
of the aortic fibrous ring. Just before reaching 
the left border of the membranous septum, it 
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Lifureates (fig. 2). The right bundle branch 
dips caudally beneath the tricuspid valve in 
ihe groove between the mesial and anterior 
cusps (fig. 1). It descends to enter the myo- 
cardium of the right side of the septum (fig. 
5), gradually emerging so that it becomes sub- 
endocardial at the base of the anterior papil- 
lary muscle (fig. 1) where it is often visible to 
the naked eye. Frequently the overlying muscle 
bundles of the myocardium run obliquely across 
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Fic. 5. Photomicrograph of the right bundle 
branch in cross section (X16). Hematoxylin and 
eosin. RBB, right bundle branch. 


it, thus helping to define it more clearly. The 
right bundle seems to form a continuous are 
which merges imperceptibly into the bundle of 
lis. It measures approximately 1.5 mm. in 
width and averages about 40 mm. in length. 
The left branch (fig. 2) forms a broad mem- 
hranous ribbon 3 to 6 mm. in width as it leaves 
‘he bundle below the aortic fibrous ring and 
ust to the right of the right semilunar valve 
«i the aorta and becomes almost immediately 
“ubendoecardial. It blends so intimately with 
‘his lining that it is most difficult to dissect 
cat intact. As it descends, it gradually fans 


out into numerous diverging fasiculi and is 
somewhat longer than the right branch. In 
most hearts, the left branch divides into an 
anterior and posterior ramus. These observa- 
tions are in accord with recent observations of 
Kisten*® and Lev.*: “ 

The auriculoventricular node (fig. 3) appears 
as a compact mass of fine interlacing muscle 
fibers which are roughly ovoid in transverse 
section. These fibers are smaller than those of 


Fic. 6. Photomicrograph of Purkinje fibers in ob- 
lique section (X100). Van Gieson’s stain. Ordinary 
cardiae muscle is seen to the right. P, Purkinje fibers. 


the adjacent auricle. The fibers of the auricu- 
loventricular bundle (fig. 4) are somewhat 
larger than those of the auriculoventricular 
node but smaller than those of the ventricular 
myocardium and stain somewhat paler. As the 
bundles descend, more and more Purkinje fibers 
(fig. 6) make their appearance. 

One of us (E.S.H.)**: 46 devised a unique 
apparatus (fig. 7) which will produce a photo- 
graphic record of undistorted serial sections at 
6 micron intervals through a block of tissue 
containing the auriculoventricular node, bun- 
dle of His, and bundle branches. By project- 
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ing the completed film as a motion picture, it 
is possible to follow the course and changing 
relationships of the component structures from 
level to level in an uninterrupted sequence. 
Specimens which have been fixed in formalin 
are immersed in a solution of 80 per cent al- 
cohol in which 2 Gm. of lead acetate per 100 
ec. have been dissolved (eight hours). They are 
then transferred to 95 per cent alcohol contain- 
ing 0.5 Gm. of lead acetate per 100 ec. De- 


is conducted by gravity from a reservoir through 
a rubber tube to a small channel in a plastic 
bar (e and e’). The fluid emerges through a 
small pore on the under surface of the bar 
where it slowly accumulates to form a hanging 
drop. A second and similar channel in this 
plastic bar is attached to a water siphon and 
will remove the excess stain. The plastic bar 
is mounted on the sliding carriage in such a 
way that it will pass directly over the speci- 
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Fic. 7. Diagram of apparatus for making a motion picture record of consecutive serial sections 
through the conducting tissue. 


hydration is completed in the usual manner 
with minor modifications. The tissue (fig. 7 a) 
is mounted in the vise of a sliding knife micro- 
tome. The knife is mounted at one end of the 
sliding carriage and is equipped with a suction 
tube (b) which will remove and dispose of each 
section as it is cut. Any or all sections may be 
saved if desired for study at high magnifica- 
tions. The vacuum line is compressed by a 
normally closed clamp (c) which is released 
by a dog (d) at the proper interval. The stain 


men with a clearance of a fraction of a milli- 
meter. Thus the stain will in turn be applied to 
the tissue held in contact for a time and then 
removed at appropriate intervals of the cycle. 
The specimen is illuminated by the filtered 
light from two spot lights. A Cine Kodak spe- 
cial 16 mm. motion picture camera is mounted 
above the block. The shutter release is elec- 
trically actuated as a revolving brush (h) passes 
over each exposed contact in an armature (@). 
Thus at the proper interval, a predetermined 
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number of exposures can be made at each 

v level. The whole apparatus is powered by 

me third horse power electric motor. 

(he essential procedure embodies a distinct 

parture from the usual method of preparing 

| studying serial sections, that is, the stain 
; applied not to the displaced sections, but to 
the intact surface of the block. Attention can 
therefore be directed to the details of the ex- 
posed surface in their normal relationship to 
the remainder of the specimen. Furthermore, 
serial sections prepared by routine methods al- 
ways suffer some distortion due to compression 
during cutting or as a result of inequal spread- 
ing. Such inaccuracies do not occur with the 
present method. The resultant section is stained 
in varying shades of sepia due to the lead sul- 
fide precipitated by the action of the sodium 
sulfite staining solution upon the lead acetate 
impregnated tissue. 

A motion picture of the conduction system 
was prepared by this technic. The film allows 
one to follow the course of the bundle of His 
as it leaves the auriculoventricular node, crosses 
the septum and then bifurcates. The bifurca- 
tion is depicted rather dramatically. As the 
last section of overlying tricuspid valve is re- 
moved, the right branch makes its appearance 
and the bundle and both branches are revealed. 


DiscussION 


Despite the question posed by Glomset and 
his associates, the accumulated evidence tends 
to reaffirm the myogenic theory of conduction. 
Due to inadequate nerve-staining technics, the 
exact distribution of the sympathetic (in par- 
ticular) and parasympathetic nerve fibers to 
the heart has not been established sufficiently 
well to prove or disprove either theory. Nettle- 
ship” and Hirsch* reported on the extent of 
nerve degeneration following ganglionectomy 
it! lower animals. The former demonstrated de- 
generation and fragmentation of ventricular 
ierve trunks and the ventricular epicardial 
.etwork following bilateral stellate and middle 
rvieal ganglionectomy. Similar structures in 

e auricles were spared. There also occurred 
‘generation of the apical portion of the endo- 
‘.rdial plexus, simple nerve endings in the fat 

d from one half to three fourths of the cor- 


onary artery plexuses. Thoracic dorsal root 
ganglionectomy produced similar changes. Fol- 
lowing total vagotomy, the epicardial plexus 
of the ventricle was spared, but degeneration 
occurred in the auricular trunks, endocardial, 
aortic and pulmonary plexuses. Section of the 
vagus proximal to the nodose ganglion spared 
myelinated fibers of the auricles but not those 
terminating about the epicardial ganglia. Elec- 
trocardiographic studies were not a part of these 
experiments. The fact that similar procedures 
are performed in man for various reasons with- 
out any resultant heart block would seem to 
discount the neurogenic mode of conduction. 
Logically it would appear highly improbable 
that conduction should be mediated through 
the muscular route in practically all animals 
except man. One might hypothesize that in 
view of the unique function of the heart which 
requires its fibers to lengthen and shorten force- 
fully approximately 100,000 times each day, 
that the most efficient mode of conduction 
might occur in a tissue which is also capable 
of such changes in length without interfering 
with its conducting function. 

The authors feel that the technic described 
herein demonstrates more clearly than any 
other the cardiac conduction system. The mo- 
tion picture record clearly refutes certain of the 
morphologic claims of the neurogenic expo- 
nents. This technic will be applied in subsequent 
studies in an attempt to demonstrate in mov- 
ing sequence the histologic picture of bundle 
branch block and the vascular supply to the 
conducting tissue. 


SUMMARY 


The question and evolution of the myogenic 
versus the neurogenic theory of cardiac con- 
duction is reviewed at length. 

Gross and microscopic studies of the auric- 
uloventricular conduction system were car- 
ried out in a total of 60 adult human hearts. 
Results of these studies are in accord with the 
myogenic concept of cardiac conduction. 


SUMARIO EspaNou 


Estudios gruesos y microscépicos del sistema 
de conduccién auriculoventricular fueron ob- 
tenidos en 60 corazones humanos. Una técnica 
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tinica es introducida que produce un record 
fotografico serial en secciones no distorcionadas 
de un bloque conteniendo el nédulo auriculo- 
ventricular, el paquete auriculoventricular y 
sus ramificaciones. Proyectando la pelicula ter- 
minada como una cinta cinematografica el curso 
y las relaciones variables de las estructuras del 
componente pueden ser observadas de un nivel 
a otro en una sequencia no interrumpida. El 
concepto miogénico de conduccién cardiaca y 
el concepto neurogénico son revisados en de- 
talle. 
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1-Hydrazinophthalazine (Apresoline in the) 
Treatment of Hypertension: A Two 
Year Study 


By JoserpH H. HarkenscureL, M.D., anp M. Aucust Linpaugr, M D. 


Patients with severe essential hypertension have been carefully studied periodically in an attempt 
to group them as to probable life expectancy. Forty such patients have been observed while on 
oral 1-hydrazinophthalazine and a lowsalt diet. Nineteen of the 33 patients in the groups having a 
relatively good prognosis for survival had some decrease in diastolic pressure. Only one of seven 
patients in Smithwick group IV had a satisfactory reduction in blood pressure. 


HIS REPORT concerns our experience 

during a period of two years with 1- 

hydrazinophthalazine (Apresoline) and a 
low salt diet in 40 patients. All have been on 
this program for at least one year. They have 
been grouped as to life expectancy, according 
to Smithwick’s classification.' 

A comparison of survival rates after thora- 
columbar sympathectomy, and after medical 
therapy in similar hypertensive patients, sug- 
gests that surgical treatment may improve the 
group life expectancy of patients with certain 
severe vascular complications (Smithwick 
group IV).!* Following sympathectomy, how- 
ever, the number of patients who are dead 
five years after operation is high.! We were 
particularly interested in those patients who 
might be expected to do poorly with sympa- 
thectomy. Could these be benefited by any 
one, or a combination, of the newer depressor 
drugs??: ® 

The depressor properties of Apresoline were 
discovered in the course of testing of anti- 
malarial drugs.* The reduction of both systolic 
and diastolic pressure in animals, by an action 
largely central, without a sedative component, 
led to measurements of renal blood flow during 
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the hypotension induced by parenteral doses 
of the drug in both normotensive and hyper- 
tensive patients.’ The increase in renal blood 
flow observed in hypertensive patients was 
followed by studies of the influence of this 
drug on vasoconstrictor reflexes in man.‘ 
Apresoline appears to suppress the outflow of 
sympathetic vasopressor impulses. 

We observed a reduction of blood pressure 
both supine and standing after intramuscular 
injection* and an increased renal blood flow 
in an acute experiment in one patient with 
azotemia® (table 1). A decreased cerebral 
vascular resistance was obtained in seven 
patients with moderate hypertension!’ (table 
2). These acute experiments led to a prolonged 
study of the oral effectiveness of 1-hydra- 
zinophthalazine in patients with 
hypertension. 


essential 


METHODS 


Forty outpatients were evaluated in the fashion 
previously reported.®. '' All were placed on Apreso- 
line plus a salt restricted diet for at least one year. 
Sufficient observations and repetition of tests were 
made to permit grouping as to life expectancy ac- 
cording to the criteria of Smithwick.! The number 
of patients of both sexes in each of the four groups is 
shown in table 3. 

Those who have continued to take the drug for at 
least one year have been evaluated by montlily 
visits to the Hypertension Clinic. The morning dose 
of the drug was ingested about one hour before re- 
porting to clinic. At each clinic visit the blood 
pressure was checked after a 10-minute rest, using 
a postural test.!? At six-month intervals the follow- 
ing examinations were repeated: retinoscopy, elec- 
trocardiogram, orthodiagram, intravenous phenol- 
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TasLE 1.—Effect of an Intramuscular Injection of 

) mg. of Apresoline on Renal Hemodynamics and 
‘fean Arterial Pressure in a Young Male (Smith- 
wick Group IV) with Mild Azotemia* 
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Renal Blood Flow.......... 295 380 
Mean Blood Pressure...... .| 130 115 
Filtration Fraction......... | 2 | 





Renal Peripheral Resistance} 45 30 





* These studies indicate a rise in renal blood flow 
and a fall in renal peripheral resistance. 

This study was performed by Drs. John K. Clark 
and A. P. Crosley and was supported in part by the 
National Heart Institute, U. S. Public Health 
Service. 


| Taste 2.—Effect of Intramuscular Injection of 10 to 
F 20 mg. of Apresoline on Cerebral Hemodynamics 
and Oxygen Metabolism in Patients with Minimal 
Vascular Complications 60 Minutes after the Initial 
Studyt 
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8 Obsns. 7 |144 113 56 57|2.8 2.1/3.6 
patients 

Change 
after 


Apreso- 


31 + 20; 1 + 150.7 + 0.50.4 + 0.9 


line 


p< 0.01 ‘p< 0.01 | 


* Pressure was measured by a damped mercury 
manometer through the indwelling femoral artery 
needle. The figures in the first horizontal line on the 
left are the group averages during the initial study 
and 60 minutes after Apresoline. Cerebral blood 
flow and oxygen uptake were measured by the nitrous 

> oxicve technique of Kety and Schmidt. Resistance is 
the pressure divided by flow. The figures in the second 
horizontal line of each column represent the mean 
chaige and the standard deviation of the individual 
difi:rences. The only statistically significant reduc- 
tio:'s were in the mean arterial pressure and cerebral 
vas: ular resistance. 


eee. 


JOSEPH H. HAFKENSCHIEL AND M. AUGUST LINDAUER 53 


sulfonphthalein (PSP) test, urinalysis, hemoglobin 
and leukocyte count, and blood urea nitrogen (if 
elevated initially). 

Dosage Schedule. Most patients were started on a 
dose of 25 mg. four times daily. The dose was in- 
creased gradually until either a satisfactory fall in 
blood pressure was obtained, or a maximum dose of 
200 mg. four times daily was reached. The effective 
dose ranged from 75 mg. to 200 mg. repeated either 


TABLE 3.—Number of Patients of Each Sex in Groups 
According to Smithwick Who Were on Apresoline 
for One Year or More 


Smithwick Group Females 





Males 
I | 2 | 7 
I | 10 | 7 
Ill | 5 | 2 
IV | 4 3 
21 19 
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HOSPITALIZED OUTPATIENT 

Fic. 1. Blood pressure observations, supine and 
standing, for three minutes in a female patient of 
group II having a satisfactory reduction while on 
oral Apresoline for 24 months. Treatment was in- 
itiated while the patient was hospitalized as denoted 
by the arrow. The peaks in pressure late in this period 
were observed when Apresoline was withheld so that 
laboratory tests could be performed. 


three or four times daily. The average dose was 125 
mg. four times daily, as noted by Grimson.” 
Placebo Medication. Inactive tablets were sub- 
stituted for Apresoline in six cases for periods of from 
one to two months. In each instance, there was a 
rise in both systolic and diastolic pressures. Reduc- 
tion to the former level was observed when the 
previous dosage of Apresoline was again reached 
(figure 1). It is our observation that, upon returning 
to Apresoline, small dosages should be used and 
gradually increased. There is apparently an unusual 
susceptibility to side reactions at this time. 


1-HYDRAZINOPHTHALAZINE IN HYPERTENSION 


RESULTS 


Depressor Properties. The effects upon blood 
pressure in relation to the Smithwick classifica- 
tion are presented in table 4. There were 9 
patients in group I, 17 in group II, 7 in group 
III and 7 in group IV. 

Improvement in blood pressure was arbi- 
trarily considered to have occurred if there was 
a fall in supine diastolic pressures from 120 
mm. Hg or higher to 110 mm. or lower on at 
least two outpatient visits. The majority of 

SB 43 WF 


LYING w 
250}- 


as 2 


i } ECG | 

ne ee oe 

150}- } } | ; 

120 Pp nn = = 
100}- t t t t 1 


SO} 


STANDING 
250}- 
200}, 


120 fo nn en ee ane cen —d 
100;- ? t 


50+ 


6 22 8 27 29 2! 
JUNE SEPT DEC. MAR JUNE SEPT 
1950 195! 


14 8 20 
DEC. FEB. JUNE 


Fic. 2. Blood pressure observations, supine and 
standing, in a female patient of group IV having a 
satisfactory reduction while on oral Apresoline for 
23 months. The arrow designates when the patient 
was started on the drug. The electrocardiogram re- 
peated periodically during the interval on the drug 
was observed to be improved at the twenty-third 
month. This finding coincided with lower blood 
pressures and symptoms suggesting that the blood 
pressure was too low. The dosage of Apresoline was 
reduced at this time. 


these patients before treatment had diastolic 
pressures above 130 mm. Hg. 

Fifteen out of 26 in group I and II showed 
this degree of fall in blood pressure. The favor- 
able response of a group II patient is shown in 
figure 1. In group III there were favorable 
reductions in four of seven patients, and in 
group IV, in only one of seven. The blood 
pressure response of this latter patient is 
shown in figure 2. The fall in blood pressure 
after three minutes of quiet standing was not 
strikingly different from the resting blood 
pressure in any of our patients. 

Evidence of Clinical Improvement. The course 
of vascular complications is summarized in 


table 4. No improvement in renal function, as 
measured by the 15-minute excretion of intra- 
venously administered phenolsulfonphthalein 
was observed. Most of these patients had sn 
initial 15-minute excretion of better than 20 
per cent. There was no evidence of progressive 
renal damage during administration of the 
drug. No patients were observed to have a 
reduction in heart size as indicated by decrease 
in frontal surface area of 30 per cent or more 
plus a decrease in transverse cardiac diameter 
of more than 3 cm. from the predrug ortho- 
diagram measurement. Only four patients were 
observed to have improvement in retinopathy* 
according to Keith and Wagener’s classifica- 
tion." Three of these patients were in the 


TaBLe 4.—Number of Patients in Each Smithwick 
Group Having a Reduction in Blood Pressure and 
Improvement in Vascular Complications after le- 
ceiving Apresoline for One Year or More (See Text 
for Discussion) 


Improved 
Vascular 
Complications 


Smithwick! | Number of [Blood Pressure 
Classification Patients Reduced 


I 
II 
Ill 
IV 


Smithwick groups I and IT classification, and 
one was in group III. The changes in this 
small group of patients are to be contrasted 
with the unchanged eyegrounds of 30 patients. 
It is of interest that six patients showed ad- 
vancing retinopathy during this period of 
observation. 

In the electrocardiogram of three patients, 
inverted T waves became upright or S-T 
segment displacement reverted to the iso- 
electric line. 

Three women, all over age 45, in this group 
of 40, had initial slight nitrogen retention 
(20 to 30 mg. per 100 cc.) and all are still 
living with essentially the same degree of 
azotemia after one year of Apresoline therapy. 

Tolerance. In our experience the hypotensive 
response to oral Apresoline appeared to persist 





*These examinations were made by Dr. George 
S. Tyner, Department of Ophthalmology, Hospital 
of the University of Pennsylvania. 
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for as long as the drug was continued. A rise 
in pressure during treatment was usually 
corrected by an increase in dosage. Contrarily, 
several patients have required a reduction in 
maintenance dosage. (See fig. 2.) 

Side Reactions. Usually side effects appeared 
just after the initiation of therapy and sub- 
sided within a week or two. Tachycardia was 
invariably produced. In some cases where 
headache was particularly bothersome, Pyri- 
benzamine or Benadryl was prescribed with the 
Apresoline and afforded relief.'® The symptoms 
reported by the 40 patients were (table 5): 
headache, 15 cases; tachycardia and palpita- 
tion, seven cases; nausea and vomiting, five 
cases; and urticaria, cutaneous flushing and 
lacrimation, one case each. Sixteen patients 
have been unable to tolerate Apresoline for 
as long as one week. Severe headache and 
palpitation accompanying the tachycardia 
were the most frequent reasons for discon- 
tinuing its use. Recently we have encountered 
less difficulty when using a _ lower initial 
dosage of 12.5 mg. four times daily for the 
first 10 to 14 days. 

Toxicity. Prolonged administration of 
Apresoline has not produced toxic reactions 
attributable to a cumulative effect. No attempt 
was made to determine any specific effect of 
the drug on blood cell morphology or liver 
function. 

Mortality during Therapy. The only death 
observed in this group was that of a 59 year 
old white man with symptoms of mild angina 
who had been on Apresoline for 12 months. 
This patient had grade III retinopathy, slight 
cardiac enlargement, and_ electrocardiogram 
showing slight changes characteristic of the 
hypertensive state, blood urea nitrogen of 14 
mg. per 100 ce. with 30 per cent phenol- 
sulfonphthalein excreted in 15 minutes. Thus, 
the patient was in Smithwick group III. The 
initial blood pressure while hospitalized was 
200/130 and on a dosage of 50 mg. three 
times each day this pressure decreased to the 
ranze of 180/105 as an outpatient. Each 
attempt to increase the dosage beyond this led 
to headache. The patient was placed on a 
placebo and an increase of pressure was ob- 
served. Shortly after resuming Apresoline 


therapy, he developed a clinical picture sug- 
gesting coronary thrombosis and died. Post- 
mortem examination was not made. It is our 
impression that this was a coincidence rather 
than a result of therapy by contrast with some 
of the deaths discussed in Grimson’s report.” 


TaBLE 5.—Numbers Who Reported Unpleasant 
Reactions in This Study of 40 Patients 


Headache............. 7 38% 
Palpitation. . 18% 
Nausea and Vomiting..... 12% 
Urticaria eth 2% 
MI 5 6s Sih acs sk 2% 
Lacrimation.... 2% 


COMMENT 


We have not observed progressive vascular 
damage among the 33 patients in groups I, IT 
and III (Smithwick) while on the program of 
oral Apresoline. Fifty-seven per cent of the 
patients in these groups have had a satisfactory 
reduction in blood pressure. In five of these 
patients there has been an improvement in the 
vascular complications noted before drug 
treatment was initiated. The fact that about 
25 per cent of all patients started on this drug 
have remained on it for at least a year suggests 
that these patients were not seriously dis- 
turbed by the unpleasant aspects of this 
therapeutic program. 

Our present impression is that the patient 
with minimal evidence of progression in vas- 
cular complications may be given oral Apreso- 
line and a low salt intake so long as there 
is no evidence indicating further progression of 
damage. If clinical and laboratory data indicate 
increasing damage, and particularly if renal 
function measurements suggest further de- 
terioration, we believe these signs warrant 
more drastic steps in treatment, with a trial of 
other potent experimental drugs.*: 17 Sur- 
gical intervention'*° is to be considered if 
these are likewise unsuccessful. 

What we most need to know is: (a) Does 
Apresoline or any other depressor drug keep 
mild hypertensives from getting worse and 
thus obviate surgical intervention? (b) Does 
Apresoline prolong the lives of those’ with 
severe hypertension whose azotemia precludes 
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operation? It is obvious that a longer period of 
observation in a larger series of patients is 
needed before these questions can be 
answered.?! 


SUMMARY 


1. Oral Apresoline was an effective depressor 
agent in 57 per cent of hypertensive patients 
having a relatively good prognosis for sur- 
vival, who took the drug for at least one year. 

2. Among seven patients having the poorest 
survival prediction, only one individual had a 
reduction in blood pressure considered to be 
favorable. 

3. The period of observation of the present 
study was too short to indicate whether or not 
Apresoline has favorably affected the natural 
history of hypertensive vascular disease. 

4. We suggest that patients with severe 
essential hypertension, having good renal, 
cardiac and retinal findings, are suitable can- 
didates for a trial of oral Apresoline. This 
agent may be continued so long as there is no 
evidence of progression as determined by 
periodic re-evaluation. 
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SumMaARIO EspaNou 


Pacientes con hipertensién esencial severa 
han sido cuidadosamente estudiados periddica- 
mente en un esfuerzo para agruparlos de acuer- 
do a la expectativa de duracién de vida. Cua- 
renta casos han sido observados en un regimen 
de Apresoline oral y dieta baja en sal. Diez y 
nueve de los 33 en el grupo con un prondstico de 
vida relativamente bueno han tenido alguna 
diminuci6n en la presién diastélica. Solamente 
uno de siete pacientes en el grupo correspondi- 
ente a Smithwick grupo IV ha tenido una 
reduccién satisfactoria en presién arterial. 
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Observations on the Carotid Sinus Reflex 
and Angina Pectoris 


By A. Stone FREEDBERG M.D., AND Josepu E. F. Riseman, M.D. 


The effect of carotid sinus pressure on the duration and character of attacks of angina pectoris 
induced by exercise under controlled conditions has been studied in 13 patients. Observations are 
presented which are consistent with the hypothesis that stimulation of the carotid sinus induces 
relief of cardiac pain by interruption of sympathetic reflex ares or sensory pathways. The useful- 
ness of carotid sinus pressure as a diagnostic test and a therapeutic measure in angina pectoris 


is discussed. 


N PREVIOUS studies! data were presented 
in support of the concept that coronary 
artery vasomotor changes, reflex in origin, 

exerted a contributory influence in the pre- 
cipitation of attacks of angina pectoris. The 
influence of reflexes mediated through the 
vagus nerve in precipitating attacks of angina 
pectoris has been the subject of few studies. 
It has been observed?~"® that stimulation of the 
carotid sinus relieves the pain of angina pec- 
toris. We have not been able to find any studies 
on the mechanism of relief of cardiac pain by 
carotid sinus stimulation. The purpose of this 
communication is to report our studies on the 
mechanism of the relief of cardiac pain induced 
by carotid sinus stimulation. The effect of 
carotid sinus pressure on the exercise tolerance 
of patients with angina pectoris is also reported. 


MATERIALS AND METHODS oF STUDY 


In most of the published reports of the beneficial 
effect of carotid sinus pressure in angina pectoris, 
the anginal attacks were spontaneous and the usual 
duration of pain unknown. In the studies of Wayne 
and Laplace,’ although anginal attacks were in- 
duced by exertion, the amount of exercise necessary 
to produce pain was variable from experiment to 
experiment. The importance of carefully standard- 
ized conditions, especially cold, in studying the pre- 
cipitation and the duration of attacks of angina 
pectoris in the laboratory has been previously dem- 
onstrated." " Accordingly for the present study 
subjects were selected who had been observed at 
weekly intervals for many months to years in a 


From the Yamins Research Laboratories, Beth 
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special clinie for the study of angina pectoris. Thus 
their clinical course was well known, the response 
to exercise and to various therapies was repeatedly 
observed and the actual duration of attacks in- 
duced by exercise had been repeatedly measured 
and found to be reproducible. 

In our previous studies": . > the response to 
nitroglycerin was used to determine the likelihood 
of response to other forms of treatment and served 
to divide patients into three groups: Group I pa- 
tients (tables 1, 2, 3 and 4) are “marked reactors” 
to nitroglycerin. Two minutes after the sublingual 
administration of 0.3 mg. of nitroglycerin these pa- 
tients are able to perform approximately 100 per 
cent or more work than had been possible without 
medication. This increase in exercise tolerance in 
group I patients is accompanied by a marked de- 
crease in the RS-T deviations consequent to exer- 
cise. Patients in group II, termed ‘‘moderate reac- 
tors,” are able to do approximately 50 per cent 
more work two minutes after the sublingual ad- 
ministration of 0.3 mg. of nitroglycerin. Patients 
in group III, termed ‘“nonreactors,” show no re- 
sponse to the administration of nitroglycerin. 

All tests were carried out at least one hour after 
a light breakfast and after the patient had rested a 
minimum of one-half hour after coming to the labo- 
ratory. Only one test was carried out on any one 
day. The patient received no medication during the 
sarotid sinus experiments. 

After the amount of exercise necessary to induce 
angina and the duration and characteristics of pain 
had been measured on numerous occasions (10 to 
50) the effect of carotid sinus pressure on the dura- 
tion of pain was measured in the following fashion. 
Immediately after the patient stopped exercise be- 
sause of pain he seated himself on the two-step 
staircase; one observer, who was stationed behind 
the patient, then located as quickly as possible the 
right or left carotid sinus region and stimulated it 
by pressure and massege. The time necessary to 
locate the carotid sinus, the duration of stimula- 
tion and the duration as well as the character of 
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pin was measured by another observer with the 
ail of a stop watch. In measuring the duration of 
anginal pain, all tests in which carotid sinus stimu- 
lacion induced syncope were necessarily excluded. 
Uniform stimulation of the carotid sinus was at- 
tempted; involuntary stiffening of the sternocleido- 
m:stoid muscles (usually in later experiments) made 
accurate location and control of severity of pressure 
dijhicult to obtain. 

\s a control of the carotid sinus experiments, in 
otiier experiments with the onset of cardiac pain 
the patient was seated and pressure was exerted on 
the right or left sternocleidomastoid muscle. The 
laiter procedure was without effect on the duration 
or character of the anginal attack. 


I. ErFEcT OF THE CAROTID SINuS PRESSURE 
ON THE DuRATION OF THE PAIN 
oF ANGINA PECTORIS 


The effect of carotid sinus pressure on the 
duration and characteristics of anginal pain 
was studied in 13 patients (table 1). In most 
instances three to seven seconds elapsed before 
the carotid sinus could be located. The usual 
duration of stimulation was approximately six 
seconds with extremes of 3 to 40 seconds. In 
all 13 patients some relief of pain was observed 
as a consequence of carotid sinus stimulation. 
In 11 of the 13 patients the onset of relief of 
pain occurred during or within a few seconds 
after carotid sinus stimulation. In four of five 
patients (cases 7, 10, 11, 12, and 13) with at- 
tacks of one to four minutes duration, carotid 
sinus pressure induced temporary relief of 
anginal pain, persisting for 22 to 64 seconds 
(table 1). In each of these four patients pain 
of unaltered intensity, compared with pre- 
carotid sinus pressure, recurred and the total 
duration of the attack was not appreciably 
altered from that observed in control experi- 
ments. In the fifth patient (case 12) the usual 
duration of pain was 180 seconds; following 
carotid sinus stimulation intermittently for 
40 seconds, pain disappeared and did not 
return. In one instance (case 4) anginal pain dis- 
appeared from the right side of the chest dur- 
ing right carotid sinus pressure while persist- 
ing on the left side, while in case 7 anginal pain 
disappeared from the chest during carotid 
siiius pressure while persisting in the shoulder. 
In two patients (cases 2 and 10) relief of pain 
wis not uniformly induced by carotid sinus 
stimulation from experiment to experiment. 


In one of these, case 2, and similarly in cases 
3 and 6, carotid sinus stimulation of one side 
was effective while pressure on the other side 
had no, or less, effect on cardiac pain. In two 
other patients (cases 5 and 8) right or left sided 
stimulation was similarly effective in relieving 
cardiac pain. In no instance was prolongation 
of anginal pain induced by carotid sinus 
stimulation. 


STUDIES ON THE MECHANISM OF RELIEF 
OF PAIN 


A. Effect of Carotid Sinus Pressure in Patients 
with Angina Pectoris as Compared with 
Patients in the Same Age Group without 
Angina Pectoris 


Fifteen patients with angina pectoris of 
arteriosclerotic etiology and 50 patients of the 
same age group without angina pectoris were 
studied. None of the patients in either group 
had ever suffered a spontaneous episode of 
syncope or had a history suggesting a hyper- 
active carotid sinus syndrome. The patients 
were seated and connected to an electrocardio- 
graph machine. Using lead Vyp, with the 
camera running continuously, right carotid 
sinus pressure was applied for six seconds. 
Calculations of the cardiac rate changes were 
made from the electrocardiographic tracings. 
The degree and severity of carotid sinus pres- 
sure was felt to be the same in both groups. 
The blood pressure was measured by the aus- 
cultatory method. 

Results. In 25 of the 50 patients in the con- 
trol group, right carotid sinus pressure for six 
seconds induced no discernible change in car- 
diac rate or blood pressure and was unattended 
by symptoms. A similar lack of response to 
carotid sinus pressure was observed in 3 of the 
15 patients with angina pectoris (table 1, cases 
1, 12 and 13). The incidence of asystole and 
auriculoventricular block was the same in both 
groups. The duration of the induced asystole 
in the patients with angina pectoris averaged 
six seconds as compared with three seconds in 
the control group. Syncope and convulsions 
were observed in 5 of the 15 angina pectoris 
patients and in 2 of the 50 control patients. 

Further Evidence of the Increased Sensitivity 
of the Carotid Sinus Reflex in Angina Pectoris. 





TaBLE 1.—The Effect of Carotid Sinus Stimulation on the Duration of Attacks of Angina Pectoris 


Untreated Control Attacks 


Usual 
— Duration 
Case No. of Pains 
(seconds) 


Carotid 


Sinus 


Stimu- 


lation 


Right 
Right 
Left 
Right 
Left 


Right 


Right 
Right 
Left 

Right 


Left 
Right 


Right 


Right 
Left 


Right 


Right 


Right 
Right 


Right 


Right 


Right 


Attacks Treated by Carotid Sinus Stimulation 


Time from End| Time of | 


of Exercise to First Dis- 


End of C.S. appearance 


Pressure of Pain 
(seconds) (seconds) 


Group I 


Group II 


10 


39 


Group IIT 


is 


Intermittent 
to 40 sec. 
16 


Comment 


Attack shortened. 

Attack shortened. 

No change. 

Attack shortened. 

Pain disappeared during carotid sinus 
pressure; returned 15 seconds after ¢x- 
ercise. 

At 15 seconds pain disappeared on right 
side of chest; pain on left side per- 
sisted for 15 seconds. 

No change. 

Pain disappeared during carotid sinus 
stimulation. 

Attack shortened. 

No change. 

Attack shortened. 

Pain disappeared from chest during ca 
rotid sinus pressure, but persisted 
unchanged in left shoulder. Pain re- 
turned in chest 28 seconds after exer- 
cise. 

Pain disappeared from chest 7 seconds 
after carotid sinus stimulation ended; 
pain persisted in shoulder. Pain in 
chest returned 41 seconds after exer- 


cise. 


Pain disappeared during carotid sinus 
pressure. 

Pain disappeared during carotid sinus 
pressure. 

Attack shortened. 


Pain disappeared during carotid sinus 
pressure; pain returned 22 seconds af- 
ter exercise. Total duration of pain 
unchanged by carotid sinus pressure. 

No change. 

Chest pain and wheezing disappeared 
during carotid sinus pressure. Chest 
pain returned 31 sec. after exercise. 
Total duration of pain unchanged by 
carotid sinus pressure. 

Attack shortened. 


Pain disappeared during carotid sinus 
pressure; pain returned 40 seconds ::f- 
ter exercise. Total duration unchanged. 

Pain disappeared during carotid sinus 
pressure; pain returned 64 seconds «:f- 
ter exercise. Total duration unchanged. 
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Tae results presented above suggested that 
the carotid sinus reflex was more sensitive in 
p: tients with angina pectoris than in patients 
o! the same age group who did not have angina 
pectoris. The opportunity arose to make studies 
of carotid sinus sensitivity in a patient with 
ai.gina pectoris during a period when the pa- 
tient was having many attacks of angina pec- 
toris daily as well as during a prolonged period 
of remission from angina pectoris lasting many 
weeks. 

In these studies the patient was seated and 
connected to the electrocardiographic machine. 
With the camera running continuously lead 
Vix was taken and right carotid sinus stimu- 
lated. The duration of stimulation was meas- 
ured from electrocardiograms by marking the 
onset and offset of carotid sinus pressure. In 
varying the duration of stimulation from 1 to 
10 seconds we attempted to keep the severity 
of pressure uniform in all experiments. Only 
one experiment was carried out on each day. 
The duration of the induced asystole was meas- 
ured from the electrocardiographic tracings. 

The effect of stimulation of the right carotid 
sinus was more marked when the patient was 
having many anginal attacks than during a 
remission from his angina (fig. 1). During the 
remission from angina, up to 10 seconds, right 
carotid sinus pressure produced a maximum 
asystole of 6.5 seconds. Faintness, syncope or 
convulsions were not observed. During the 
period when the patient was suffering two to 
three daily attacks of angina, pressure on the 
carotid sinus for two seconds induced an 
asystole of six and one-half seconds and pres- 
sure for five to six seconds produced an asystole 
of 8} to 10 seconds and in both instances syn- 
cope and convulsions were observed (fig. 1). 
The patient was immediately laid down in 
each of these latter episodes. Recovery was 
prompt and sequelae were absent. 


B. Relationship of Relief of Pain by Carotid 
Sinus Stimulation to Changes in Cardiac 
Rate 


n previous studies?~® the beneficial effects 
of carotid sinus stimulation in the relief of 
cardiae pain have been ascribed to cardiac 
slowing; the latter has been estimated by 
auscultation. 


In our studies, the changes in pulse rate were 
calculated from electrocardiographic tracings. 
Standard electrodes were adjusted and affixed 
to both arms below the insertion of the deltoid 
muscle and also to the precordium over the 
cardiac apex. With the patient standing at 
rest, prepared to exercise, a 15 second tracing 
of lead Viz was obtained. The standard exercise 
test was performed as usual with the electrodes 
in place and the electrocardiographic machine 
(but not the camera) running continuously. 
The camera was started before the predicted 
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Fig. 1. Effect of carotid sinus pressure tests in H. 
St. demonstrating a marked increase in sensitivity 
during a period of days when the patient was experi- 
encing many attacks of angina pectoris. (See text 
for description.) Dots indicate tests when patient 
was having frequent attacks; crosses indicate tests 
when patient was free of attacks. 


cessation of exercise and tracings (at least 15 
seconds in duration) were obtained at the on- 
set of cardiac pain and the cessation of exercise 
and usually one, two, three and five minutes 
thereafter. The onset and offset of carotid 
sinus pressure was indicated on the tracing. 
The cardiac rate (beats per minute) was calcu- 
lated for each cycle from the formula 


60 
R-R in seconds 


I. Relief of Cardiac Pain by Carotid Sinus 
Stimulation Not Associated with Cardiac Slow- 
ing. In 10 of 13 patients studied (table 1) some 
degree of slowing was obtained by carotid 
sinus stimulation. In three patients (table 1, 
cases 1, 12 and 13) relief of cardiac pain by 
carotid sinus stimulation was obtained without 
slowing of the heart rate. In patient H. B., 
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following pressure on the right carotid sinus 
for three seconds, the attack of pain ended; the 
attack was shortened from a usual duration of 
18 seconds to 7 seconds. The heart rate was 
unchanged during the period of carotid sinus 
stimulation. In patient N. B. intermittent 
stimulation of the right carotid sinus was car- 
ried out for 40 seconds, at which time cardiac 
pain disappeared. The duration of the usual 
attack of angina pectoris in this patient was 
180 seconds. In this patient, carotid sinus 
stimulation was without effect on the cardiac 
rate. Similarly in patient H. M.., relief of cardiac 
pain for approximately one minute was ob- 
tained following stimulation of the right carotid 
sinus, although carotid sinus stimulation was 
not associated with any change in cardiac rate. 


EXERCISE RECOVERY 
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Fig. 2. The effect of carotid sinus pressure on 
heart rate and anginal pain in H. Y. (See text for 
description.) 


II. The Lack of Relationship between the 
Degree of Cardiac Slowing and Relief of Cardiac 
Pain. This is exemplified by the observations 
made in patient H. Y. (figs. 2 and 3). Pressure 
on the right carotid sinus (fig. 2) was begun 
two and seven-tenths seconds after the onset 
of cardiac pain and continued for five and one 
tenth seconds. The cardiac rate fell from 105 to 
80. During the period of carotid sinus stimu- 
lation cardiac pain disappeared and did not 
return for 16 seconds. The total duration of 
the attack was 55 seconds. In the same patient 
on a different day the onset of cardiac pain 
began after the same number of trips on the 
staircase (fig. 3). Stimulation of the right 
carotid sinus was begun three seconds after 
the onset of pain and continued for six and 
one-half seconds. The cardiac rate fell from 


128 to 85, a more marked decrease in cardiac 
rate than was observed in the experiment 
illustrated in figure 2. Cardiac pain was un- 
affected. 


EXERCISE RECOVERY 


PULSE RATE BEATS PER MINUTE 


TIME SECONDS 

Fic. 3. The effect of carotid sinus pressure on 
heart rate in H. Y. showing marked cardiac slowing 
and no effect on anginal pain. The termination of car- 
diac pain after the second carotid sinus pressure was 
completed was coincidental with the decrease in 
cardiac rate. The usual duration of cardiac pain in 
this patient was 55 to 60 seconds. (See figure 3.) 


CONTROL EXERCISE RECOVERY 


PULSE RATE bears rte minute 


So 0 
TIME - SECONDS 

Fic. 4. Marked cardiac slowing during right ca- 
rotid sinus pressure in N.S. and no effect on the dura- 
tion of the attack of angina pectoris induced by 
exercise. In other attacks in this patient temporary 
relief of cardiac pain occurred with carotid sinus 
pressure. 


III. Marked Slowing of Cardiac Rate during 
Carotid Sinus Stimulation without Effect on 
Cardiac Pain. In patient N. S. cardiac pain 
began after 18 trips on the staircase (fig. 4). 
Stimulation of the right carotid sinus was be- 
gun five seconds after the end of exercise and 
continued for nine seconds. The cardiac rate 
fell from 115 to 56; the rate was below 80 {for 
approximately half the duration of the attack 
of pain. The attack of angina pectoris continued 
unaltered and the total duration of pain was 
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un.ltered as compared with the duration of 
induced but untreated attacks (fig. 5) during 
which the heart rate was over 100 beats per 
minute. 

1V. The Occurrence of the Relief of the Pain 
of Angina Pectoris Following Carotid Sinus 
Prssure after the Cardiac Rate Has Returned 
to the Control Level. In patient P. R. during the 
stimulation of the right carotid sinus the heart 
rate slowed initially from 107 to 73, but 
promptly rose to 107, although stimulation 
was continued. Cardiac pain disappeared co- 
incident with the end of carotid sinus pressure 
and at a time when the heart rate had returned 
to the precarotid sinus stimulation rate. The 
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Fic. 5. Heart rate before, during and after exer- 


cise and the duration of an attack of angina pectoris 
in N. S. (Compare with figure 4.) 


total duration of cardiac pain was 10 seconds, 
considerably shorter than the usual duration 
of control attacks (table 1). 

A somewhat similar sequence was observed 
in patient S. R. (fig. 6); right carotid sinus 
pressure was begun approximately three sec- 
onds after the onset of chest pain and con- 
tinued for 14 seconds. Eight seconds after 
stinulation was begun the cardiac rate abruptly 
fell from 115 to 73; chest pain continued un- 
diminished. It is possible that actua: stimula- 
tion of the sinus did not begin until seven to 
eight seconds after the onset of cardiac pain. 
Seven seconds after carotid sinus pressure was 
discontinued, chest pain disappeared for a 
period of 17 seconds (fig. 6). The cardiac rate 
at the onset of relief of pain was 115. It should 
be emphasized that although anginal pain dis- 


appeared from the chest during this period of 
time, shoulder pain continued undiminished. 
The total duration of the attack of angina pec- 
toris was 212 seconds (the usual duration was 
250 seconds). 
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Fig. 6. The heart rate and effect of right carotid 
sinus pressure in S. R. The relief of cardiac pain oc- 
curred after the heart rate had returned to the same 
rate recorded before carotid sinus pressure. (See text 
for description.) 
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Fic. 7. Another experiment showing the lack of 
relationship between cardiac rate and relief of car- 
diac pain following carotid sinus pressure in S. R. 
(Compare with figure 6.) 


In the same patient, S. R., on a different 
occasion, (fig. 7) right carotid sinus pressure 
was begun two and six-tenths seconds after 
the patient stopped exercise, and continued for 
five and six-tenths seconds. The cardiac rate 
momentarily slowed from 135 to 98, returning 
within one and five-tenths seconds to 120 at 
the end of carotid sinus stimulation, rising to 
130 a few seconds later. Pain disappeared from 
the chest, while persisting in the shoulder, at 
the end of carotid sinus stimulation during a 
period when the cardiac rate was only slightly 
below the precarotid sinus pressure level. The 





64 CAROTID SINUS REFLEX AND ANGINA PECTORIS 


duration of relief of pain was approximately 
22 seconds. The total duration of the attack of 
angina pectoris was 200 seconds (the usual 
duration 250 seconds, table 1). 


C. The Effect of Carotid Sinus Stimulation on 
the Exercise Tolerance of Patients with 
Angina Pectoris: With a Comparison of the 
Effect of Nitroglycerin on the Exercise Toler- 
ance of the Same Patients 


The available evidence from animal experi- 
mentation concerning the influence of the vagus 
nerve on coronary blood flow is conflicting." '® 
Some observers, however, believe that the 
vagus nerve is vasodilator to the coronary 
arteries. It was hoped that some light might be 
cast on this subject by determining the effect 
of vagal stimulation on the exercise tolerance of 
patients with angina pectoris and comparing 
the results with those obtained after the use of 
a coronary vasodilator such as nitroglycerin. 
These studies seemed particularly appropriate 
since it was possible that the effect of carotid 
sinus stimulation in relieving the pain of angina 
pectoris might be due to coronary vaso- 
dilation. 

The effect of carotid sinus pressure on the 
exercise tolerance was studied in 10 patients 
with angina pectoris (table 2). The exercise 
tolerance tests were performed under the usual 
standardized conditions except that imme- 
diately prior to exercise the right carotid sinus 
was stimulated for six seconds. The severity 
of pressure was, of necessity, mild since the 
stimulation was done with the patient erect. 
On another day, pressure of approximately the 
same severity and duration was exerted on the 
right sternocleidomastoid muscle immediately 
before exercise. The experiments in which the 
right carotid sinus was stimulated were per- 
formed on at least two occasions in each 
patient. 

Results. After right carotid sinus stimulation 
five patients were able to perform at least 50 
per cent more work before developing pain as 
compared with control exercise tolerance tests. 
The response to carotid sinus pressure was 
independent of the response of the patient to 
nitroglycerin; a marked increase in exercise 
tolerance was obtained following carotid sinus 


stimulation in some patients who did not re- 
spond to nitroglycerin, for example, patient 
H. M. (table 2), while little effect was observed 
after stimulation in some patients who showed 
a marked response to nitroglycerin, for ex- 
ample, patients M. L., and N.S. (table 2). In 
one, H. M., of the two patients in group III 
who did not respond to nitroglycerin, a 109 


TaBLE 2.—The Effect of Carotid Sinus Pressure 
on the Ability to\'Work 


Control Ex- 
lercise Tolerance! 
| Tests. No 
| Medication. 

Pressure on 

Sternocleido- 
mastoid Muscle 


Pressure on Carotid Sinus 
Immediately before Exercise 


Per cent Increa- 


Group 1 
24 | 36 
40 
75 
24 
36 
20 


Group II 


LW 40 
PR 45 
BK | 30 


Goup IIT 


HM 20 41 
BA 40 40 


* No attack. Stopped because of fatigue. 
X Exercise not attempted because of faintness. 


per cent increase in exercise tolerance was 
demonstrated after carotid sinus pressure. On 
the other hand, of the five patients in group |, 
carotid sinus pressure resulted in an increased 
exercise tolerance of 50 per cent in one patient, 
approximately 50 per cent in another and less 
than 25 per cent in the remaining three. In 
each of these five patients the prophylactic 
administration of nitroglycerin induced an in- 
crease in exercise tolerance of at least 100 per 
cent. 

Electrocardiographic Studies. We have pre- 
viously shown (13) that the administration 














of nitroglycerin to patients with angina pec- 
tvris not only results in an increased ability to 
; -rform work before the development of pain, 
bit also prevents the S-T segment and T wave 
¢ anges which are consequent to exertion. 

In two patients with angina pectoris (H. B. 
ad P. R.) electrocardiograms were obtained 
i) the manner described above after a fixed 
e ertion insufficient to produce pain, namely 
1’ to 15 trips. The changes in the RS-T seg- 


7 sie 3.—The Effect of the Oral Administration of 
Physostigmine Salicylate (1.3 mg. q.i.d.) on 
the Ability to Work 


No Medication After Physostigmine 


Case " = 
Trips Trips Per cent Increase 
Group I 
Hst | 40 66 +65 
HB 75 118 +58 
SE 25 32 | +28 
NS | 30 36 +20 
RS 20 2 | +10 
ML 44 ao | -=8 
SR | 34 9 | 15 
Group IT 
LW 40 45 +12 
SL 30 26 —13 
SW | 40 30 —25 
Group IIT 


BA 40 31 —23 


ments and T waves were measured in at least 
10 consecutive complexes and the results 
averaged. 

Pressure on the carotid sinus before exertion 
did not prevent the RS-T segment and T wave 
changes consequent to exertion. 

The Effect on the Exercise Tolerance of a Group 
of Vagomimetic, Vagolytic and Antispasmodic 
D:ugs. The increase in exercise tolerance con- 
seyuent to carotid sinus stimulation in some 
patients suggested the possibility that vago- 
mmetic substances such as_ physostigmine 
sa icylate might have a beneficial effect in pa- 
tints with angina pectoris. It also seemed 
aj propriate to study these and vagolytic sub- 
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stances in the hope that some light might be 
thrown on the role of the vagus on the coronary 
circulation. 

The administration of 1.3 mg. of physostig- 
mine salicylate four times daily, the last dose 


TaBLE 4.—The Effect of the Oral Administration of 
Atropine Sulfate (0.65 mg. q.i.d.) on the Ability 
to Work 


Without 


Madicatine After Atropine Sulfate 


Trips Trips Per cent increase 


Group I 


+127 


SR 34 75 

H. Shr 25 35 +40 
H. Shl 40 40 0 
RS 20 20 0 
YE 20 19 —5 
EA 60 55 —8 
EW 40 30 —25 

Group II 
JM 40 60* +50* 
PR 30 38 +27 
LW 40 40 0 
BS 25 25 0 
BL 10 10 0 
BK 20 18 —10 
IF 35 27 —24 
JG 29 19 —34 
Group III 

AR 25 33 +32 
CH 13 16 +22 
AS 24 26 oS 
H. Bk 40 42 +5 
J. Go 60 61 +2 
LS 21 21 0 
DC 35 32 —5 
JL 35 30 —14 
RK 38 32 —15 
H. Ch 32 26 —19 
ES 25 20 —20 


* No attack. Stopped because of fatigue. 


being taken two hours before the performance 
of the exercise tolerance test, was followed by 
an increase in exercise tolerance in 2 (H. B. 
and H. St., table 3) of 11 patients with angina 
pectoris studied. It may be noted that an in- 
crease in exercise tolerance of similar magni- 
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tude was obtained in these two patients fol- 
lowing carotid sinus pressure (table 2). The 
increase in exercise tolerance, however, did not 
equal that observed after the administration 
of nitroglycerin. 

The administration of prostigmine bromide, 
15 mg. four times daily, to five patients was not 
associated with an increased exercise tolerance. 

The effect on the exercise tolerance of the 
administration of 0.5 mg. of atropine sulfate 
four times daily was studied in 26 patients with 
angina pectoris (table +). An increase in exer- 
cise tolerance from 40 to 125 per cent was 
demonstrated in only three patients. 

The antispasmodic drugs, Syntropan and 
Novatropine, were studied in 8 and 10 patients 
respectively. The administration of 100 mg. 
Syntropan and 10 mg. Novatropine (two tab- 
lets) four times daily was without effect on the 
exercise tolerance. 


COMMENT 


It is clear from these studies that stimulation 
of the carotid sinus may abolish temporarily 
or completely the pain of an induced attack of 
angina pectoris. Various considerations dis- 
cussed below are in agreement with the follow- 
ing hypothesis which is proposed as the mech- 
anism of the induced relief of cardiac pain by 
carotid sinus stimulation. Stimulation of the 
carotid sinus induces the relief of cardiac pain 
by interruption of reflex ares; the relief is 
neurogenic in origin and is not related to a 
change in the myocardium induced by carotid 
sinus pressure. 

The recurrence of pain following a period of 
relief as a consequence of carotid sinus pressure 
in those patients whose attacks ordinarily 
lasted longer than a minute with a total dura- 
tion similar to untreated attacks would indicate 
that no significant change had occurred in the 
discrepancy between myocardial demand and 
blood supply as a consequence of carotid sinus 
stimulation. The fact that stimulation of the 
carotid sinus caused relief of pain in the right 
side of the chest (patient N.S.) while pain per- 
sisted in the left side and the disappearance of 
chest pain (S. R.) while pain persisted in the 
shoulder indicates a neurogenic effect on the 
afferent impulses mediating pain. 


The disappearance of pain occurs within a 
few seconds; the speed of the relief of pain is 
in favor of a neurogenic mechanism. The pre- 
viously mentioned disappearance of pain in 
certain areas while persisting in others, indi- 
cates alteration in sensory pathways. This is 
similar to the disappearance of pain followin: 
thyroidectomy” and nerve blocking proce- 
dures.'* The relief of cardiac pain by interruy- 
tion of sympathetic nerves has been well estab 
lished. Interruption of nerve pathways in th: 
skin,'®: °° cervical ganglionectomy,”' and _ inje« 
tion of various sympathetic nerves in the cerv 
cal and thoracic region are also associated wit! 
relief of cardiac pain.” 

The relationship of the carotid sinus to the 
sympathetic nervous system has been clearly 
demonstrated by Heymans and associates.” 
Together with stimulation of the vagus nerve, 
there is a simultaneous inhibition of the sym- 
pathetic nervous system. Bronk and his co- 
workers?®> showed that during carotid sinus 
stimulation there was a decreased number and 
strength of action potentials as recorded from 
the cervical sympathetic fiber to the carotid 
sinus. 

Ferris, Capp and Weiss”® postulated that the 
effect of carotid sinus pressure in inducing syn- 
cope was, in some instances, due to stimulation 
of a cerebral center. In our studies, the patients 
were able to perceive the pain of a needle while 
obtaining relief of cardiac pain during carotid 
sinus stimulation. Instances where a changed 
sensorium or syncope consequent to carotid 
sinus stimulation were observed have been 
excluded. We cannot, however, deny the possi- 
bility of an effect on some cerebral center. 

Our studies yield no evidence that carotid 
sinus stimulation induces coronary artery vaso- 
dilatation. No relationship was observed be- 
tween the increase in exercise tolerance after 
stimulation, and that observed after the ad- 
ministration of vasodilators (table 2). An 
increased exercise tolerance was observed after 
stimulation in patients, in whom nitroglycerin 
was without effect, and vice versa. Further- 
more, pressure upon the carotid sinus before 
exercise, while associated with an increased 
exercise tolerance, did not prevent the RS-T 
segment changes consequent to exertion. !n 
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previous studies® we have shown that the in- 
creased exercise tolerance following the ad- 
ministration of nitroglycerin is accompanied 
by a decrease or absence of the RS-T segment 
changes consequent to exercise. 

An additional consideration against the 
ovcurrence of vasodilation as a causative factor 
in the relief of cardiac pain by carotid sinus 
pressure is the speed of the reaction. Previous 
studies”: '® using various vasodilators have 
shown that relief of cardiac pain occurs in 20 
to 30 seconds. The relief of pain associated 
with carotid sinus pressure occurred in almost 
all instances during or shortly after pressure 
the average duration of which was about six 
seconds. It would be expected that if vaso- 
dilation occurred with pressure on a carotid 
sinus a period would elapse during which car- 
diac anoxia was relieved by increased blood 
flow (similar to that observed after amyl or 
octyl nitrite) before relief or cardiac pain oc- 
curred; recurrence of pain of unaltered intensity 
and an unaltered duration of prolonged attacks 
would not be expected if significant coronary 
vasodilatation occurred. 

On the basis of auscultatory findings pre- 
vious authors have pointed out the association 
of cardiac slowing with the relief of pain by 
carotid sinus stimulation. It was to be ex- 
pected, as has been demonstrated by many 
others, that stimulation would induce cardiac 
slowing in most subjects with coronary artery 
disease and angina pectoris. Our studies, how- 
ever, show no relationship between the changes 
in cardiac rate following pressure on a carotid 
sinus and the relief of pain. Thus, marked 
cardiae slowing was obtained without relief of 
pain and relief of pain occurred when cardiac 
slowing was absent or not significant. Further- 
more, in the same patient (H. Y.) in several 
attacks similar degrees of cardiac slowing were 
obtained during carotid sinus stimulation with 
relief of pain in one attack, and not in others. 


Tite USEFULNESS OF CAROTID SINUS PRESSURE 
AS A DiaGnostic TrEst 


lt has been suggested by Sigler and 
otners®: 7, 26. 27 that the demonstrated increased 
S-usitivity of the carotid sinus reflex in pa- 
tints with coronary artery disease may be 


used as a diagnostic test. The studies of Man- 
delstamm and Lipshitz,?* Weiss”? and others 
indicate that the carotid sinus reflex is more 
active in the older age groups and particularly 
in the presence of coronary artery disease. 
Parry*®® was presumably the first to observe 
this phenomenon. Others, including Hering*! 
and Prusick,® also pointed out the increased 
sensitivity of the carotid sinus reflex in pa- 
tients with angina pectoris. Sigler?’ stated 
“the test may perhaps be considered to be a 
definite sign of coronary disease under the 
following condition; if it occurs as an inde- 
pendent phenomenon unassociated with other 
reflexes of the carotid sinus group such as a 
marked fall in blood pressure and cerebral 
manifestations including dizziness, sensory dis- 
turbances and syncope...and if it appears 
after comparatively slight pressure on the 
‘arotid sinus region and other vagal disturb- 
ances occur.”?” Our own studies show that the 
effects of a definite degree of carotid sinus 
stimulation are more marked in patients with 
angina pectoris of arteriosclerotic etiology, 
than in patients of a similar age group without 
this condition. It should, however, be pointed 
out that some patients with angina pectoris of 
arteriosclerotic etiology do not have a sensitive 
carotid sinus. 

It has been well established that the effects 
of carotid sinus stimulation are more marked 
in the older age groups than in the younger 
age groups. It is, however, incorrect to assume 
that coronary arteriosclerosis need occur with 
aging, nor is coronary arteriosclerosis synon- 
ymous with angina pectoris. Many patients 
with coronary arteriosclerosis and old coronary 
occlusions never suffer from angina pectoris.* 

More recently Levine** has suggested that 
the relief of pain after pressure on the carotid 
sinus may be used as a diagnostic test for an- 
gina pectoris. At the present time it has not 
been demonstrated that the relief of pain fol- 
lowing carotid sinus stimulation is specific for 
cardiac pain; in some patients, carotid sinus 
pressure has no effect on cardiac pain.?: *: * It 
should be emphasized, moreover, that the 
dangers of carotid sinus stimulation are real. 
Prusick and Herles® concluded that the carotid 
sinus pressure test may be a dangerous diag- 
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nostic test. They reported four cases where 
carotid sinus pressure produced asystole, syn- 
cope and convulsions and in one instance a 
fatal result. Similarly, one third of a small 
group of patients studied by us showed syn- 
cope and convulsions following six seconds of 
carotid sinus stimulation. The degree of sensi- 
tivity in one patient was such that two seconds 
of carotid sinus pressure produced an asystole 
of over six seconds. Downes** reported a series 
of surgical cases in which carotid sinus reflexes 
were implicated in the death of the patients. 
Askey** has reported the appearance of hemi- 
plegia in seven patients after carotid sinus 
stimulation; other observations are confirma- 
tory.*”.*8 Ventricular fibrillation’® and com- 
plete heart block*'! have also been reported 
after carotid sinus stimulation. 

The considerations pointed out above mili- 
tate against the usefulness of carotid sinus 
pressure as a therapeutic agent. Mandelstamm’ 
describes one patient, a female, aged 50, who 
obtained relief of angina pectoris by self pres- 
sure on the carotid sinus. Patients have, in 
instances of paroxysmal supraventricular tach- 
yeardia, been taught to stimulate their own 
carotid sinuses to abolish the attack. In con- 
trast to the observations in angina pectoris, 
syncope and convulsions following carotid 
sinus pressure under these circumstances are 
rare. 


SUMMARY AND CONCLUSIONS 


1. The effect of carotid sinus pressure on the 
duration and character of attacks of angina 
pectoris induced by exercise under controlled 
laboratory conditions has been studied in 13 
patients. In all 13 patients some relief of cardiac 
pain was observed consequent to right or left 
carotid sinus stimulation. In 11 of the 13 pa- 
tients, the onset of relief of cardiac pain oc- 
curred during or shortly after approximately 
six seconds of carotid sinus stimulation. In 
patients whose attacks of angina pectoris ordi- 
narily lasted less than one minute, carotid 
sinus pressure terminated the attack. In four 
of five patients with attacks of one to four 
minutes duration, carotid sinus stimulation 
induced temporary relief of anginal pain per- 
sisting for 22 to 64 seconds; in each instance 


anginal pain returned in complete intensity 
and the total duration of the attack was not 
significantly altered in comparison to induce] 
attacks not treated by carotid sinus pressure. 
In one patient, pain disappeared from the right 
side of the chest during right carotid sinus 
pressure while persisting on the left side, while 
in a second patient, pain disappeared from the 
chest during carotid sinus pressure, while per- 
sisting in the shoulder. These observations ar2 
consistent with the hypothesis that stimulatio ) 
of the carotid sinus induces relief of cardiac 
pain by interruption of sympathetic reflex arcs 
or sensory pathways. 

2. Various studies yielded no evidence that 
‘arotid sinus pressure relieves cardiac pain by 
inducing coronary artery vasodilation or by 
altering the discrepancy between myocardi:| 
demand and blood supply observed in the 
attack of angina pectoris. Carotid sinus pres- 
sure before exercise resulted in an increase in 
exercise tolerance in 5 of 10 patients with an- 
gina pectoris. No relationship could be estab- 
lished between this increase in exercise toler- 
ance and that observed in the same 10 patients 
when 0.3 mg. of nitroglycerin was adminis- 
tered before exercise. An increased exercise 
tolerance was seen after carotid sinus pressure 
in patients in whom nitroglycerin was with- 
out effect and vice versa. Carotid sinus pres- 
sure before exercise did not prevent, as does 
nitroglycerin, the R-ST segment changes 
consequent to exertion. The speed of relief of 
cardiac pain by carotid sinus pressure is also 
against the hypothesis that coronary vasodila- 
tion occurs with consequent improvement. in 
the discrepancy between blood supply and 
myocardial demand. Continuous electrocardio- 
graphic studies were carried out before, during 
and after carotid sinus pressure in 13 patients 
during attacks of angina pectoris. No consistent 
relationship existed between the change in 
cardiac rate following carotid sinus pressure 
and the relief of cardiac pain. Marked cardiac 
slowing was obtained without relief of pain and 
relief of anginal pain occurred when cardiac 
slowing was absent or not significant. 

3. The doubtful usefulness of carotid sinus 
pressure as a diagnostic test and a therapeutc 
measure in angina pectoris are discussed. Tle 
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dengers of carotid sinus pressure have been 
emphasized. 


SuMARIO EspaNou 


El efecto de presidn sobre el seno carédtido 
er la duracién y el caracter de ataques de 
anzina de pecho inducidos por ejercicio bajo 


condiciones controladas ha sido estudiado en 
13 sujetos. Observaciones son presentadas que 
sol consistentes con la hipdtesis de que la esti- 
mulacién del seno carétido induce dolor cardiaco 
mediante la interrupcidn de arcos reflejos simpa- 
ticos 0 nervios sensorios. El uso de presién sobre 
el seno carétido como una prueba diagndédstica 
y terapéutica en la angina de pecho se discute. 
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The Effect of Exercise on Coronary Blood 


Flow, Myocardial Oxygen Consumption and 
Cardiac Efficiency in Man 


By Tuomas A. Lomparpo, M.D., Leonarp Ross, M.D., Max Tarscuuer, M.D., 8S. Tutuy, M.D. 
AND R. J. Bina, M.D. 


It has been known that exercise causes an increase in the coronary blood flow in animals. The 
present work has been carried out to study the effect of exercise on coronary blood flow and myo- 
cardial oxygen consumption of the human heart in vivo. The results indicate that the heart re- 
sponds to the increased load of exercise with a rise in coronary blood flow. Since the arteriovenous 
coronary oxygen difference shows little change, the increase in oxygen consumption of the heart 
muscle is primarily the result of an increased coronary blood flow. As the cardiac work rises more 
than the myocardial oxygen consumption, the left ventricular efficiency increases. The response of 
the failing heart muscle to acute increases in load produced by exercise does not differ from that 


of the normal heart or of the isolated heart. 


ATHETERIZATION of the coronary 
sinus in man in conjunction with the 
nitrous oxide method has made it pos- 

sible to determine coronary blood flow and 
myocardial oxygen consumption in man.!? Un- 
til now, the method has been used to follow 
the behavior of human heart muscle of resting 
individuals only.* A study of the coronary cir- 
culation and myocardial oxygen consumption 
during exercise would appear to be of interest, 
because exercise constitutes a temporary in- 
crease in load to which the heart must adjust 
itself by coronary circulatory and metabolic 
changes. The alterations in the coronary circu- 
lation and myocardial oxygen consumption are 
of particular importance since it is during in- 
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creased cardiac activity that deficiencies of the 
coronary circulation become most apparent. It 
is the purpose of this paper to present data on 
changes in coronary blood flow, myocardial 
oxygen consumption and myocardial efficiency 
in man occurring during moderate exercise and 


to discuss their significance. 


METHODS 
Selection of Patients 


Thirteen patients with diseases of various etiol- 
ogies contributed data which form the basis of this 
report. All patients were studied for diagnostic 
purposes and coronary blood flows were obtained 
only after diagnostic catheterization studies had been 
completed. The nature of the procedure was ex- 
plained to the patient and his written consent ob- 
tained. Two subjects (E. 8., R. B.) were mildly 
anemic (table 1), and three (O. Hr., A. M., W. M.) 
had hypertensive cardiovascular disease. One of 
these (O. Hr.), who also was slightly anemic, was on 
hexamethonium chloride therapy (table 1). Two 
subjects (A. A., W. R.) had aortic insufficiency and 
the others suffered from angina pectoris (O. 8.), 
rheumatic heart disease with mitral stenosis (J. Dl.), 
senile heart disease with auricular fibrillation (J. 
Df.), thyrotoxicosis (C. T.) and congestive failure, 
cause unknown (QO. Hk.). All patients except O. Hk. 
were well compensated. 


Procedures 


The test was performed in the morning after 
most of these individuals had eaten a small break- 
fast. Following a one hour rest, respiratory gases were 
collected in a Douglas bag over a period ranging 
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fom two to three minutes for the determination of 
cxygen consumption and carbon dioxide production. 
11 one patient (J. Dl.) the oxygen consumption was 
cetermined with a Benedict-Roth spirometer. The 
1 ght ventricle was catheterized via the left median 
antecubital vein and a sample of blood was obtained 
for the determination of the cardiac output. 

Following this, the patient was placed in the 
right lateral position and the coronary sinus was 
cutheterized. The presence of the catheter in the 
coronary sinus was determined by the fluoroscopic 
position of the catheter, the dark color of the blood 
withdrawn, the shape and height of the pressure,'* 
and by absence of cardiac irregularities.'* Successful 
intubation of the coronary sinus was possible in 
about 50 per cent of the patients in whom it was 
attempted. This low incidence is probably the result 
of anatomic variations in the structure of the right 
atrium or the coronary ostium.’ Although untoward 
effects have been reported to follow catheterization 
of the coronary sinus,® none developed in our pa- 
tients. This is due to the fact that intubation was at- 
tempted only with the patient in the right lateral 
position. Thus, the correct position of the catheter 
could be accurately ascertained and the entrance of 
the catheter into the right ventricle could be avoided. 
After the catheter had been correctly introduced the 
patient was placed on his back and an indwelling 
arterial needle was introduced into the right bra- 
chial artery. 

With the catheter placed in the coronary sinus, 
nitrous oxide was administered by the method pre- 
viously deseribed.'s The patient was allowed to 
breathe the gas mixture for 12 minutes to permit 
saturation of the heart muscle with nitrous oxide. 
Just before the end of the saturation period, samples 
of both coronary sinus and arterial blood were col- 
lected for the determination of the nitrous oxide 
content at full saturation. The patient was then 
suddenly disconnected from the respiratory system 
and permitted to breathe room air. Four one-minute 
samples were drawn simultaneously from the coro- 
nary sinus and brachial artery. All blood samples 
were drawn in Luer-Lok syringes of 10 ec. capacity 
which had been oiled and which contained 10 drops 

f heparin. 
\fter the resting observations had been completed, 
iirous oxide was again administered for 10 minutes. 
the beginning of the eighth minute of nitrous 
xide inhalation, exercise was started. It was con- 
i) ued during the collection of the blood samples, 
itil collection of expired air and sampling of right 
trial blood had been completed. The total dura- 
ia of exercise was slightly less than 10 minutes. 
-.ereise was performed in the supine position. It 
s not mechanically controlled in some subjects 
uo Wo, Be. 0) Bk. 0.8: 3. Di, J. Di, A. As, 
| R. B.,, consisting of alternate bicycling motion 
the legs against a resistance imposed by the hands 
me of us. In the other subjects (O. Hr., W. R., 


C. T., A. M., W. M.) exercise was performed on a 
bicycling apparatus by éausing the patients to push 
their feet against two weighted pedals. Using this 
apparatus, the work performed amounted to ap- 
proximately 19 kilogram meters per minute.* 

Blood pressures were measured with a sphygmo- 
manometer or the strain gauge. In the latter case the 
pressures were optically recorded. Mean pressures 
were obtained by adding one-third of the pulse pres- 
sure to the diastolic pressure, or by planimetric in- 
tegration of the area under the pressure curve. 


Calculations 


Cardiac output was calculated according to the 
Fick equation: 
ae: oxygen consumption (in cc.) 
Cardiac output = : : 100 
ates eee oxygen content arterial blood 
(in ec./min.) : E 
(vol. %) minus cxygen con- 
tent mixed vencus blood 
y 
(vol. %) 


The coronary blood flow was calculated according 
to the method previously described.!": » Gregg has 
shown that the coronary sinus drains primarily left 
ventricular muscle. Consequently, the nitrous oxide 
method measures primarily the flow through a unit 
(100 Gm.) of left ventricular tissue.’ Furthermore, 
Visscher has stated that the oxygen content of the 
coronary sinus blood does not necessarily represent 
that of other venous channels draining the myo- 
-ardium.® Therefore, the nitrous oxide method meas- 
ures blood flow through that unit of muscle only 
which drains into the coronary sinus. Gregg and 
his co-workers have found an average variation be- 
tween the coronary flow per minute per 100 Gm. 
as determined with the nitrous oxide method and 
with the rotameter of +12.4 per cent. 

Coronary vascular resistance was calculated ac- 
cording to the equation: 


Coronary vascular resistance 
(mm. Hg/ce./100 Gm./min.) 


mean aortic pressure (mm. Hq) 
coronary blood flow (ec./100 Gm./min.) 


The resistance calculated in this manner refers to 
a unit (100 Gm.) of the coronary vascular bed which 
drains into the coronary sinus. 

The oxygen consumption per 100 Gm. of left 
ventricular muscle was obtained with the equation: 


Oxygen consumption (cc.)/100 Gm. of left ventricular 
muscle/min. = arterial cxrygen cortent (vol. %) —cor- 
onary sinus oxygen content (vol. %) X left ventric- 
ular coronary flew (ce./100 Cm. left ventricular 
muscle/mi”.) 


* Furnished by Respiration Aids Company, New 


York. 
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Oxygen consumption of the total left ventricle was 
obtained with the formula: 


Oxygen consumption of left ventricle (cc. oxygen/min.) 


__ left ventricular weight 
7 100 


oxygen consumption/100 Gms. 


Normal heart weight was calculated from tables 
of Smith!® and the left ventricular weight was as- 
sumed to be 53 per cent of the total heart weight.' 

Since each cubic centimeter of oxygen corre- 
sponds to about 2 kilogram meters of energy," the 
aerobic energy uptake of the left ventricle was cal- 
culated as follows: 


Aerobic energy uptake of left ventricle (Kg. meters) = 
oxygen usage in cc./min. X 2. 


The work of the left ventricle was obtained from 
the formula of Starling”: 


Work (Gm. cm./min.) = cardiac output (cc./min.) X 
mean aortic pressure (em. Hg) X 13.6 (specific 
gravity of mercury). 


Gram centimeters per minute were converted to 
kilogram meters through division by 100,000. Only 
pressure energy was calculated because the velocity 
energy of the left ventricle is relatively small. 

The relationship of aerobic energy uptake to work 
of the left ventricle (the mechanical efficiency of the 
left ventricle) was calculated from the formula: 


Mechanical efficiency (per cent) 


work of left ventricle (Kg. meters/min.) 


aerobic energy uptake of left ventricle 
(Kg. meters/min.) 


Because the weights of hypertrophied hearts could 
not be accurately observed, left ventricular effi- 
ciency could not be calculated in the presence of 
cardiac hypertrophy. However, by using normal 
heart weights in patients with hypertrophied left 
ventricles, maximal values for efficiency were ob- 
tained; therefore, if the maximal efficiency was low, 
true values were even lower. This was shown to be 
the case in myocardial failure. In assessing the 
effect of exercise on the heart, individual percentages 
of efficiency are immaterial but the changes in per 
cent following exercise are valid. 


Analysis 


The manometric method of Van Slyke and Neill 
was used for the determination of oxygen and carbon 
dioxide in blood.’ Nitrous oxide was determined 
according to the method of Kety and Schmidt." 
The oxygen and carbon dioxide in expired air was 
analyzed according to the method of Scholander.'® 


RESULTS 

Exercise produced a rise in cardiac output 
of 4066 cc. per minute, which represents a ris 
of 60 per cent above resting levels (table 1) 
Similar results were obtained by Hickam and 
his associates.'® In one patient (J. Dl.) the 
cardiac outputs were calculated from oxygen 
consumptions obtained with a closed circuit 
method (Benedict-Roth apparatus). It is pos 
sible that this accounts for the extremely high 
value obtained in this individual (table 1). 

Previous studies on normal resting subjects 
have shown that the oxygen content of coro- 
nary sinus blood varies from 3.9 to 6.9 volumes 
per 100 ec.:?-? In this study, only two sub- 
jects (C. T., W. R.) exhibited resting values 
higher than 6.9 volumes per 100 ce. (table 1). 
All three patients with anemia (E. S., R. B. 
QO. Hr.) and one patient with mitral stenosis 
(J. Dl.) demonstrated lower than normal values 
for oxygen content of coronary venous blood at 
rest (table 1). The oxygen content of coronary 
sinus blood was determined in 12 of the 13 
subjects after exercise (table 1). Nine of this 
group exhibited a decline in oxygen content 
ranging from 0.1 to 1.3 volumes per 100 cc.; 
two showed no change (O. S., J. Dl.), and 
one (A. A.), revealed a slight rise (table 1). 

The left ventricular oxygen extraction (coro- 
nary arteriovenous oxygen difference) increased 
in 10 of the 12 subjects with exercise (table 1). 
The increase ranged from 0.1 to 1.6 volumes 
per 100 cc. with an average increase of 0.6 
volumes per 100 cc. The largest extraction on 
exercise occurred in the patient with congestive 
heart failure (O. Hk., table 1). One subject 
(J. Dl.) showed no change with exercise, and 
two (J. Df., A. A.) showed a slight decrease. 
The resting coronary oxygen extraction was 
below normal (12 volumes per 100 ce.) in the 
group with mild anemia (E. 8., R. B., O. Hr., 
table 1). It was normal in the patient with 
thyrotoxicosis (C. T.), slightly elevated in the 
subject with mitral stenosis (J. Dl.) and highest 
in the patient with congestive heart failure 
(O. Hk.). (See table 1.) Similar findings have 
been described in a previous publication." 

In all subjects except one (X. W.), exercise 
produced an increase in the blood flow through 
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(00 Gm. of left ventricular muscle of from 11 
to 167 ec. per 100 Gm. per minute, with a mean 
increase of 43 cc. (table 1). This figure repre- 
sents an average rise of 45 per cent. Large in- 
- ements in coronary blood flow were also found 
\y Essex in exercising dogs.”° It is of interest 
iat increments in coronary blood flow were 
purticularly great in those subjects who ex- 
hibited a large rise in cardiac output during 
exercise (R. B., A. M., W. M., A. A.). In one 
patient (O. Hr.) the cardiac output increased 
97 per cent but the coronary blood flow rose 
oily 8 per cent. This patient was receiving 
hexamethonium chloride as hypertensive ther- 
apy. 

The coronary vascular resistance per 100 
Gm. declined in seven out of nine patients with 
exercise (table 1). It is of interest that the 
coronary vascular resistance also fell in two 
patients suffering from hypertension (A. M., 
and W. M., table 1). This indicates that the 
coronary vascular resistance in this disease may 
not be fixed. A rise in mean arterial pressure 
with exercise was noted in a patient with thyro- 
toxicosis (C. T.) and in one patient with hyper- 
tension (O. Hr.). This rise was out of propor- 
tion to the increase in coronary blood flow and 
consequently, coronary vascular resistance in- 
creased (table 1). However, one of the patients 
(O. Hr.) was receiving hexamethonium chlo- 
ride, which may have prevented further coro- 
nary vasodilatation through ganglionic block- 
ing.!7 

Exercise induced a rise in left ventricular 
oxygen consumption in all patients studied. 
The increase ranged from 1.1 to 14.6 ce. per 
100 Gm. per minute, with an average of 4.9 
ec. per 100 Gm. per minute or 65 per cent 
(table 1). In one patient with anemia (R. B.), 
one with hypertensive heart disease (A. M.), 
and in the patient with congestive heart failure 
(OQ. Hk.), the increase in myocardial oxygen 
consumption was especially marked (table 1). 
It is in these subjects that increments in coro- 
nary blood flow with exertion were large. The 
increase in oxygen consumption per unit of 
hcart weight is of interest because it indicates 
that an increase in load which occurs with ex- 
eicise is commensurate with an increase in 
0: vgen usage by the heart. 


The increase in left ventricular aerobic en- 
ergy uptake averaged 48 per cent. The rise 
was particularly significant in two subjects with 
hypertension (A. M., W. M.), in one patient 
with anemia (R. B.), and in the individual with 
congestive heart failure (O. Hk.). (See table 1.) 

Mean arterial pressure was determined in 
9 of the 13 subjects before and after exercise. 
The average elevation in the systemic pressure 
of five patients was 30 mm. Hg, no change was 
observed in two, two showed a slight fall with 
exercise (table 1). These findings are in agree- 
ment with those of Ellis'® and Bock and co- 
workers.!® 

As the cardiac output rose in all patients, 
the work of the left ventricle increased. In 
patients in whom all data were available, the 
rise in left ventricular work averaged 106 per 
cent. One patient with hypertension and anemia 
(O. Hr.) and one with aortic insufficiency (A. 
A.) showed a very large increase in work 
(table 1). 

In five of seven patients the mechanical ef- 
ficiency of the left ventricle rose with exercise 
(table 1). The average increase was 25 per cent. 
Two patients, one with hypertension (A. M.) 
and one with congestive failure (O. Hr.) dem- 
onstrated a decrease in left ventricular effi- 
ciency (table 1). The fall in efficiency noted in 
the patient with myocardial failure is of par- 
ticular interest because it indicates that in 
myocardial failure, as in normal individuals, 
the oxygen consumption of the left ventricle 
increases as the load rises. The work of the 
heart, however, fails to increase proportion- 
ately. This results in a disproportionate rise 
in aerobic energy uptake and therefore in a 
fall in left ventricular efficiency. The greatest 
increase in efficiency was noted in the subject 
with hypertension and anemia who was under 
treatment with hexamethonium chloride (O. 
Hr.), and the patient with aortic insufficiency 
(A. A.). Exercise in these individuals produced 
large increments in cardiac work with only 
slight increases in energy uptake. 


DISCUSSION 


The studies reported in this communication 
show that moderate exercise increases coronary 
blood flow without significant change in oxygen 
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extraction (table 1). This indicates that in- 
creases in load are met primarily by a rise in 
coronary blood flow. This result can be antici- 
pated from previous studies on the hearts of 
normal resting subjects.*:* It has been stated 
that the average coronary blood flow in normal 
resting subjects is 77 ec. per 100 Gm. per min- 
ute, the average oxygen consumption is 9.4 ec. 
per 100 Gm. per minute, and the average oxy- 
gen extraction is 12 volumes per 100 ec.? There- 
fore, the total coronary blood flow for a heart 
weighing 300 Gm. is approximately 240 cc. or 
5 per cent of the cardiac output. This is a small 
figure when compared with the larger volume 
of blood which perfuses the kidney” or the 
liver.” This indicates that the hearts of resting 
subjects are already extracting a very large 
amount of oxygen and increases in metabolic 
demands must be met primarily by a rise in 
coronary blood flow. 

It is of some interest that in a patient (O. 8.) 
who had previous anginal attacks with exer- 
tion, pain did not develop during the test. As 
the oxygen extraction did not change in this 
subject, the increase in coronary blood flow 
must have been sufficient for the increased 
metabolic demands of the heart muscle during 
exercise. 

Associated with increases in coronary blood 


flow due to exe. cise, a decline in coronary vas- 


cular resistance was noted in seven of nine 
individuals in whom blood pressures were re- 
corded during exercise (table 1). In two of the 
seven, hypertension was present. It has been 
previously stated that in essential hypertension 
the coronary vascular resistance is increased.? 
A decline in coronary vascular resistance dur- 
ing exercise observed in these individuals illus- 
trates that the increase in resistance is func- 
tional rather than anatomic. This is in accord- 
ance with work previously published by 
Smith,?! Scheinberg,?* Prinzmetal,”® Pickering?® 
and Wilkins,” who found that the vascular 
resistances of the renal, cerebral, muscular and 
hepatic beds are not fixed. 

The increase in oxygen consumption per unit 
of left ventricular muscle noted with exercise 
averaged 65 per cent. The rise in cardiac oxygen 
consumption is in line with the findings of 
Starling and Visscher and Evans®® on the 


heart-lung preparation. These investigators 
found that an increase in diastolic volume of 
the heart in vitro is accompanied, within limits, 
by an increase in the oxygen usage of the heart. 
It has been stated previously that a chronic 
increase in diastolic volume, such as is seen ‘n 
patients with congestive heart failure, does nt 
lead to a rise in oxygen uptake of the heart per 
unit weight. In line with this observation is t!:e 
finding that the oxygen usage per 100 Gm. of 
left ventricular muscle in patient O. Hk., wlio 
suffered from congestive heart failure, is nt 
elevated (5.9 cc. oxygen per 100 Gm., as corn- 
pared with a normal of 7.8 ec., table 1). It is 
of particular significance that in this patient 
exercise did result in increased oxygen upta<e 
of the myocardium (from 5.9 to 10.6 ce. per 
100 Gm. of left ventricular muscle, table !). 
This demonstrates that the response of the 
failing heart muscle to acute increases in load 
does not differ from that of the normal human 
heart in vivo or the isolated heart in vitro. 
These findings again show the difference in 
response of the heart to acute and chronic 
changes in diastolic volume. 

The mechanical efficiency of the left ventricle 
increased in five of seven patients in whom all 
data for the calculations are available (table 1). 
Although the aerobic energy uptake of the left 
ventricle rises with exercise, the work of the 
left ventricle rises to a greater degree. This 
denotes that an increase in load of the normal 
heart leads to a more effective conversion of 
oxidative energy into useful work. This is in 
agreement with findings obtained in this labor- 
atory which showed that as the work of the 
heart increases, the ratio of mechanical work to 
energy derived from the aerobic breakdown of 
glucose rises also.*” It is possible therefore that 
the cause of a more effective conversion of aero- 
bie energy by the heart working with an in- 
creased load may be a more efficient utilization 
of glucose. 

The left ventricular efficiency of the patient 
with myocardial failure declined during exer- 
cise. This is the result of both the considerable 
rise in myocardial oxygen consumption (80 per 
cent) and of a relatively small increase in car- 
diac output (22 per cent). Apparently the mvo- 
cardium had reached the state where any fi- 
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thor acute increase in load failed to elicit a 
pr portional augmentation of stroke volume; 
ev dence of the existence of myocardial depres- 
sin or failure. 

\ decline in mechanical efficiency during fail- 
ur has been previously noted.!* The observa- 
tii. that exercise leads to a further fall in 
m¢ehanical efficiency denotes that the conver- 
si. of aerobic energy into useful work in failure 
becomes increasingly more impaired as the load 
progresses. In line with this is the finding that 
in myocardial failure the energy equivalent of 
the glucose extracted by the heart muscle is 
considerably greater than the work performed.*° 
Thus, the failing heart appears to be unable to 
make full use of its aerobic energy as well as 
the energy derived from the breakdown of 
glucose. 


SUMMARY 


The effect of exercise on the coronary circu- 
lation, myocardial oxygen consumption and 
efficiency was studied in 13 subjects by means 
of the nitrous oxide method in conjunction with 
catheterization of the coronary sinus. 

The coronary blood flow per 100 Gm. of 
left ventricular muscle increased after exer- 
cise without significant changes in the oxygen 
extraction. The rise in coronary blood flow 
per 100 Gm. of left ventricular muscle aver- 
aged 45 per cent. An average increase of 63 
per cent in cardiac output during exercise was 
observed. 

The oxygen consumption per 100 Gm. of 
left ventricular muscle rose an average of 65 
per cent. The rise in myocardial oxygen con- 
sumption with exercise noted in a patient with 
congestive heart failure demonstrated that the 
response of the failing heart muscle to acute in- 

ses in load does not differ from that of the 
mal human heart or the isolated heart. 

he increase in left ventricular work ob- 
ed during exercise was proportionately 
ter than the rise in left ventricular oxygen 
sumption. Consequently, the left ventricu- 
efficiency increased. In the patient with 
cardial failure, the left ventricular effi- 

“cy declined. 

fall in coronary vascular resistance was 
‘ved in most of the patients including those 


with hypertension. This indicated that the in- 
crease in coronary vascular resistance in hyper- 
tension is functional. 

The significance of these findings is dis- 
cussed. 


SuMARIO EspaNou 


Se sabe que en los animales el ejercicio pro- 
duce un incremento en la circulacién coronaria. 
El trabajo presente se condujo para estudiar 
el efecto del ejercicio en la circulacién coronaria 
y la consuncién de oxigeno del miocardio en el 
coraz6n humano vivo. Los resultados indican 
que el corazén responde al incremento en carga 
de ejercicio con un aumento en circulacién 
coronaria. Como la diferencia de oxigenacién 
arteriovenosa muestra muy poco cambio, el 
aumento en consuncién de oxigeno del mio- 
‘ardio es primeramente el resultado de un au- 
mento en circulacién coronaria. A medida que 
el trabajo del corazén aumenta mas que la 
consuncién de oxigeno por el miocardio, la 
eficiencia del ventriculo izquierdo también au- 
menta. La manera en que un corazén que esta 
decompensandose responde a incrementos agu- 
dos en trabajo producidos por ejercicio no di- 
fiere en nada del corazén normal o del corazén 
aislado. 
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Normal and Impaired Retinal Vascular 
Reactivity 


By H. O. Stexer, M.D., anp J. B. Hickam, M.D. 


Normal retinal arteries and veins will constrict when the arterial blood oxygen tension is increased 
and dilate when it is lowered. A technic, employing fundus photography, is described for measur- 
ing this reaction. The amount of constriction on breathing oxygen, and its trend with age, have 
been measured in normal subjects. The arteries of persons with well-established hypertension and 
diabetes usually show marked impairment of this constrictor reaction, presumably because of 
sclerotic changes. It is suggested that measurements of this reaction may prove to be a useful, 
quantitative extension of present retinal vascular grading technics. 


URING life, vascular disease is evident 
mostly through the secondary effects of 
ischemia in various organs. These are 

late effects and there is need for the develop- 
ment of more direct and sensitive means of 
finding and quantitating degenerative vascular 
disease. Clinically, ophthalmoscopic examina- 
tion has been valuable in estimating the 
condition of blood vessels, especially the 
arteries, because the vessels of the retina often 
show structural abnormalities in persons with 
generalized vascular disease. Attempts have 
been made to quantitate pathologic alterations 
in these vessels by various grading systems 
which depend upon visible changes. 

In 1940, Cusick, Benson, and Boothby! 
found that normal retinal vessels dilate when a 
subject breathes gas with a low oxygen tension 
and constrict when he breathes tank oxygen. 
The finding has been confirmed.?:* This 
phenomenon must depend, in part at least, 
upon the presence of a mobile vessel wall. In 
view of the likelihood that this reaction would 
be impaired in persons with retinal vascular 
sclerosis, and the need for more quantitative 
estimates of vascular damage, the present 
study was undertaken. The purpose of this 
stidy was to establish the normal range of 
re'inal vascular response to change in oxygen 





‘rom the Department of Medicine, Duke Uni- 
vevsity School of Medicine, Durham, N. C. 

Dr. Sieker is a U. S. Public Health Service Post- 
dc. torate Research Fellow. 

Chis investigation was supported by Air Force 
C: ntraet 33(038)-27878 through the School of Avia- 
ti-n Medicine, Randolph Air Force Base, Texas, and 
by the Life Insurance Medical Research Fund. 


tension, and to determine to what extent the 
reaction may be altered in persons with known 
vascular disease. 


METHODS 


Kyeground photographs were made with a Bausch 
and Lomb fundus camera while the subjects breathed 
air, tank oxygen, and, in some cases, 10 per cent 
oxygen and 90 per cent nitrogen; or 5 per cent 
sarbon dioxide, 21 per cent oxygen and 74 per cent 
nitrogen. The visible diameter of the larger vessels 
near the disc was measured from the photographs, 
using a low-power (9 X) dissecting microscope having 
a scale in the ocular. The range of actual vessel 
diameter was in the order of 90 to 180 microns. The 
negative of a normal eye represents a magnification 
of approximately 3 diameters, and the photographs 
were 4 diameter enlargements. 

As a standard procedure “retinal vascular re- 
activity’? was measured as per cent shrinkage in 
vessel diameter when a subject breathed first air 
and then tank oxygen. In a normal subject there is 
considerable variation in the degree of shrinkage 
from vessel to vessel when the subject breathes 
oxygen. For this reason, multiple measurements are 
required. As a rule, measurements were made at 
identical points of all the larger vessels in each eye 
which were clearly defined in photographs made 
while the subject was breathing different gas mix- 
tures. A given vessel usually shrinks uniformly be- 
tween bifurcations, but the branches may show 
motility different from the parent vessel. In general, 
6 to 12 measurements were made for both arteries 
and veins, and the results averaged. The repro- 
ducibility of the measurement method was studied 
on duplicate series of photographs. Estimates of 
over-all caliber change are reproducible within 2 
per cent. 

Trials on normal subjects indicate that retinal 
vascular constriction is substantially complete within 
five minutes after passing from breathing air to 
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breathing tank oxygen, and this was the standard 
time used in the study. 

A larger change in vascular diameter can be 
produced in normal subjects by passing from 10 
per cent oxygen to tank oxygen, but this method 
has two disadvantages for general use. The low 
oxygen mixture could be hazardous for subjects 
with vascular disease. In addition, the arterial oxy- 
gen tension on 10 per cent oxygen is quite variable. 
Uniformity of stimulus would be hard to achieve 
and would require oximetric control. Table 1 shows 
the results obtained with 10 per cent oxygen and 
99.6 per cent oxygen in a small series of normal 
young subjects. On 10 per cent oxygen the per cent 
oxygen saturation of brachial arterial blood ranged 
from 59 to 84 per cent in this group. 


TaBLE 1.—Comparative Effect of High and Low 
Oxygen Tensions on Retinal Vessels in 
11 Normal Eyes 


! 
| Arterial Reactivity* | Venous Reactivity* 
| 


© Oe Breathed 
99.6 13.6 + 1.67 
10 10.1 + 1.1 


15.0 + 2.1 
10.0 + 1.0 


* Expressed as per cent change from vessel di- 
ameter while breathing air. 
+ Standard error. 


Parallel trials of the effects of breathing a mixture 
of 5 par cent carbon dioxide, 21 per cent oxygen, and 
74 per cent nitrogen, and of 99.6 per cent oxygen 
have been made in 20 normal subjects and patients 
with vascular disease. By the present method of 
measurement, 5 per cent carbon dioxide has very 
little effect on the larger retinal vessels, although it 
is known to cause a considerable increase in cerebral 
blood flow. 


RESULTS 
1. Normal Retinal Vascular Reactivity 


Measurements of retinal vascular reactivity, 
as average per cent decrease in vessel diameter 
on passing from air to tank oxygen, were 
made in 31 normal subjects. There were 26 
males and five females. The mean age was 37.4 
years (standard deviation 17.8), with the 
extremes being 17 and 83 years. The subjects 
were medical students and hospital patients. 
None showed evidence of vascular disease by 
history and physical examination. 

The mean arterial reactivity was 11.5 per 
cent (standard error 0.8), and the mean 
venous reactivity was 14.0 per cent (S.E. 1.0). 
The regression of arterial reactivity on age is 


presented in figure 1. There is a significant 
negative correlation between arterial reactivii y 
and age (r = —.381, ¢ = 2.215, .02 < p < .05), 
The tendency is to lose reactivity at about tle 
rate of 1 per cent every 10 years. In this 
group, no subject below the age of 55 had : n 
arterial reactivity under 6.0 per cent. The 
correlation between age and venous reactivi y 
is not at a significant level. There is, howev: r, 
a significant positive correlation betwen 
arterial reactivity and venous reactivity for 
the group as a whole (r = .565, t = 3.63, 
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Fic. 1. Regression of retinal arterial reactivity on 
age in 31 normal subjects. The regression line is 
Y = 14.9 — .O9X, where Y is reactivity (measured as 
per cent decrease in vessel diameter on breathing 
oxygen), and X is age in years. The standard devia- 
tion from regression is 4.0. Below age 55, arterial 
reactivity did not fall under 6 per cent. 


p < 01). That is, there is a tendency for a 
high order of arterial reactivity to be associated 
with a high order of venous reactivity, and 
vice versa. 

An example of normal reactivity is shown in 
figure 2. 


2. Retinal Vascular Reactivity in Hypertension 


Measurements of reactivity were made in 
29 hypertensive subjects. The criteria for 
hypertension were a systolic pressure usually 
over 150 or a diastolic pressure usually over 
90 mm. Hg. These limits were ordinarily 
considerably exceeded. There were 23 males 
and six females. The mean age was 49.7 yevrs 
(S.D. 10.0). The mean arterial reactivity was 
3.2 per cent (S.E. 0.8). This is significantly 
different from normal (¢ = 7.390, p < Ol). 
The three best reactivities in the group were 
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7.0 per cent (male, age 48, blood pressure 
162/95), 15.8 per cent (male, age 45, blood 
pressure 218/128) and 20.2 per cent (male, 
ige 35, blood pressure 174/120). Venous 
eactivity was much less impaired. The mean 
‘enous reactivity was 10.9 per cent (S.E. 0.9). 
(his is still significantly different from normal 
t = 2.318, 02 < p < .05). 

As a group, these patients were severe 
iypertensives. Several of them had _ had 


verebral vascular accidents or myocardial 


nfaretions. 


Air 


40.4 years (S.D. 15.4). The mean arterial 
reactivity was 3.0 per cent (S.E. 0.9). This is 
significantly different from normal (¢ = 6.750, 
p < .01). Many members of this group had 
severe diabetes, with complications such as 
retinopathy, neuropathy, hypertension, and 
coronary or peripheral arterial insufficiency. 
Three subjects, who were nonhypertensive, had 
arterial reactivities within the normal range. 
The venous reactivity of the group was 
9.2 per cent (S.E. 1.4). This is also significantly 
different from normal (¢ = 2.824, p < .01). 


Fig. 2. Constriction of normal retinal vessels resulting from inhalation of 99.6 per cent oxygen. The 
subject is a 21 year old male 


Through the courtesy of Dr. Walter 
\\empner, four patients were studied before 


and after four months on the rice diet.4 These 


patients had a substantial reduction in blood 

pressure but no pronounced change in arterial 

reactivity. The data are presented in table 2. 
his result is pertinent because it demonstrates 

‘iat loss of arterial reactivity in hypertension 
not caused simply by a high internal dis- 
‘nding pressure which mechanically resists 
mstriction. 


Retinal Vascular Reactivity in Diabetes 


Reactivity was measured in 16 subjects, 11 
ales and five females. The mean age was 


TABLE 2.—Retinal Vascular Reactivity in 
Hypertensives on the Rice Diet 


Arterial Venous 
Patient | Age State B.P. Reac- Reac- 
tivity tivity 


M.S. Before diet 190/122 . 12.9 
On diet 4 mo. | 135/90 ‘ 12 


Before 185/128 4 10.6 
On diet 4 mo. 109/81 5. 15.0 


Before 160/100 2.6 17.4 
On diet 4 mo. = 110/€8 S: 13.1 


Before 180/110 
On diet 4 mo. 142/77 
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In order to distinguish the effect of diabetes, 
per se, from that of hypertension, reactivities 
were calculated separately for those diabetics 
who had never had hypertension, so far as 
could be determined. There were 10 of these, 
having a mean age of 41.4 years (S.E. 16.0). 
The arterial reactivity was 4.2 per cent 
(S.E. 1.4), significantly different from normal 
(t = 4.710, p < .01). The venous reactivity 
was 10.6 per cent (S.E. 1.6), which is not 
significantly different from normal. 

The results obtained on normal, hyper- 
tensive and diabetic subjects are summarized 
in table 3. 


TaBLeE 3.—Retinal Vascular Reactivity to 99.6 Per 
Cent Oxygen 
Arterial Venous 


Reactivity Reactivity 


\Num- ot 
ee Age | 


Subjects 
Normal 31 | 37.4 11.5+0.8 
Hypertensive) 29 | 49.7 3.2+0.8* 
Diabetic 16 40.4 3.0+0.9* 
Nonhyper- 

tensive di- 

abetic 10. 41.4 4.2+1.4* 


14.0+1.0 
10.9+0.9* 
9.241 .4* 


10.6+41.6 


* Significantly different from normal. 


DISCUSSION 


The means of expressing retinal vascular 
reactivity deserves some comment. The func- 
tional result of vessel motility is to regulate 
flow, and it would be desirable to express 
retinal vascular reactivity directly in terms of 
resultant flow changes. However, it is only 
changes in internal diameter of the larger 
retinal vessels which can be measured at 
present, and it would be hazardous to attempt 
to translate diameter changes in the measurable 
arteries into terms of vascular resistance and 
thence into flow. In defense of the present 
method, it can be said that per cent decrease in 
diameter is directly related to per cent decrease 
in circumference, and the measurement, for 
arteries at least, is a direct expression of 
constrictor activity of the vessel wall at the 
point where the measurement is made. 

The observations on the effect of altered 
oxygen tension in normal man are in agreement 
with those of Cusick, Benson and Boothby! and 


? 


of later investigators, *:* but the changes, by 


the present technic, are somewhat smaller 
than those originally described.1 We do not 
confirm the finding of Huerkamp and Ritting- 
haus* that carbon dioxide causes a dilatation of 
the retinal vessels. 

There is strong presumptive evidence tha: 
the loss of arterial reactivity which occurs i, 
hypertensives and diabetics results from 
sclerosis of the retinal arteries. Retinal arteric- 
sclerosis, as well as generalized arteriosclerosi 
is extremely common in these disorders. It 
more difficult to ascribe loss of venous r 
activity simply to vessel wall changes, althoug 
retinal venous sclerosis is common in hype;- 
tensives and diabetics.’ It is possible thet 
venous caliber changes may be dependent in 
part upon changing pressure and flow, and that 
failure of veins to change size is simply a 
reflection of failure to change flow rate through 
the arterial system. 

As would be expected, there is a rough 
relationship between clinical grading of arterio- 
sclerotic changes by ophthalmoscopic examina- 
tion and the impairment of retinal arterial 
reactivity. Marked “sclerotic” changes are 
nearly always associated with marked loss of 
reactivity. However, there have been several 
instances of marked reduction in arterial 
reactivity in which the vessels appeared only 
slightly altered on examination by an ex- 
perienced internist. 

It is probable that measurement of arterial 
reactivity would be a_ useful extension of 
present retinal arterial grading technics from 
the viewpoints of both sensitivity and quantita- 
tion. 


SUMMARY 


1. “Retinal vascular reactivity” is defined 
as the average per cent decrease of diameter of 
visible vessel which occurs when a_ subject 
passes from breathing air to breathing tank 
oxygen. A technic is described for measuring 
this change by fundus photography. 

2. Measurements of retinal vascular re- 
activity have been made in 31 normal people. 
There is a slight but statistically significant 
decline in arterial reactivity with age. 

3. Retinal vascular reactivity was measured 
in 29 hypertensive and 16 diabetic patien's. 
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I, both of these groups arterial reactivity was 
geatly diminished below normal. A_ few 
s\ibjects in each group showed reactivity within 
tle normal range. 

t. It is believed that the decrease in arterial 
reactivity of hypertensive and diabetic persons 
is the result of sclerotic changes in the retinal 
arteries. 


5. Measurement of retinal vascular re- 
activity may prove to be a useful extension of 
present retinal vascular grading technics. 


SuMARIO EspaNou 


Las arterias y venas retinales se contraen 
cuando la tensién de oxigeno arterial es au- 
mentada y se dilatan cuando disminuye. Una 
técnica para medir el cambio mediante foto- 
grafia del fondo se describe. La cantidad de 
contraccién al inhalar oxigeno y el cambio 
que ocurre con edad se ha determinado en 
sujetos normales. Las arterias de personas con 
hipertension estabelcida y diabetis usualmente 
muestran deterioro de esta reaccién de con- 


traccién, presumiblemente dibido a cambios 
escleréticos. Se sugiere que determinaciones de 
esta reaccién pueden probar provechosas como 
una extensién quantitativa de las técnicas pre- 
sentes para la gradacién vascular retinal. 
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The Relation between Retinal and Cerebral 
Vascular Reactivity in Normal and 
Arteriosclerotic Subjects 


By J. B. Hickam, M.D., J. F. Scuteve, M.D., anp W. P. Witson, M.D. 


It has been found that retinal arterial reactivity to oxygen is diminished in persons with retinal 
arteriosclerosis, and that cerebral blood flow and the increment in cerebral flow upon inhalation 
of carbon dioxide are diminished in persons with cerebral arteriosclerosis. The present study 
demonstrates that there is a significant positive correlation between retinal arterial reactivity 
on the one hand, and cerebral blood flow and reactivity, on the other. This finding is taken to 
mean that arteriosclerosis severe enough to affect measurements of this sort is apt to involve reti- 


nal and cerebral vessels together. 


ECAUSE of their unique accessibility, 

the retinal vessels are routinely in- 

spected during the course of a physical 
examination, and, from their condition, 
inferences are often made as to the condition of 
vessels of similar size in other body regions. It 
is an important clinical question whether such 
inferences have validity. On the basis of 
histologic examination, Alpers, Forster, and 
Herbut' have concluded that the relation 
between cerebral and retinal arteriosclerosis is 
not particularly close. It is now possible to 
assess the relation between disease of vessels in 
these two regions by functional tests which 
measure the reactivity of the vessels in the 
fundus and brain. 

It has been found that persons with retinal 
arteriosclerosis have impairment of the con- 
strictor response shown by normal retinal 
arteries when the subject inhales oxygen.’ It 
has also been found that persons with cerebral 
arteriosclerosis not only have a diminished 
cerebral blood flow,’ * but also have less than 
the normal increase in cerebral flow in response 
to inhalation of carbon dioxide.* It is the 
purpose of the present study to determine 


From the Departments of Medicine and Psy- 
chiatry, Duke University School of Medicine, Dur- 
ham, N.C. 

This investigation was supported by Air Force 
Contract 33(038)-27878 through the School of Avia- 
tion Medicine, Randolph Air Force Base, Texas, and 
by the Life Insurance Medical Research Fund. 


whether retinal and cerebral vascular disease, 
as determined by measurements of this kind, 
coexist with significant frequency. To this 
end, measurements of retinal vascular re- 
activity to oxygen, and of cerebral blood flow 
and cerebral vascular reactivity to carbon 
dioxide have been made together in a group 
which includes normal persons, persons with 
overt cerebral vascular disease, and persons 
having illnesses commonly associated with 
generalized arteriosclerosis. 


METHODS 


Retinal vascular reactivity was determined, «s 
previously described,! from measurements made on 
fundus photographs, and was expressed as the aver- 
age per cent decrease in visible vessel diameter 
which resulted when the subject changed from 
breathing air to breathing tank oxygen. The meas- 
urement was made separately for arteries and veins. 
Cerebral blood flow was measured by the method 
of Kety and Schmidt® as modified by Scheinberg 
and Stead.* The increase in cerebral blood flow 
(“cerebral vascular reactivity’’) after five minutes’ 
administration of 5 per cent carbon dioxide or 7 
per cent carbon dioxide was estimated from the 
decrease in cerebral arteriovenous oxygen differ- 
ence, as described by Schieve and Wilson.‘ 


RESULTS 


1. Correlation between Retinal Vascular Re- 
activity and Cerebral Blood Flow 
Since the cerebral blood flow is known to be 
diminished in diffuse cerebral vascular disease, 
a test was made of the correlation between 
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re-ting cerebral blood flow and the retinal 
v: secular reactivity to oxygen. This was done 
in 31 subjects. These subjects included normal 
persons over a wide age range, persons who had 
hed cerebral vascular accidents, hypertensives, 
di:betics, patients with senile dementia, and 
iers. The mean cerebral blood flow of the 
mp was 53.1 (S.D. 15.2) ec. per 100 Gm. per 
nute (mean normal: 59, 8.D. 11‘); the retinal 
-erial reactivity was 9.5 per cent, standard 
deviation 5.8 (mean normal 11.5, 4.2); and the 
‘enous reactivity was 15.8 per cent, standard 
leviation 7.2 (mean normal 14.0, 8.D. 5.6). 
The pertinent results are presented 
graphically in figure 1, which relates retinal 
arterial reactivity to cerebral blood flow. There 
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Fig. 1. Correlation between retinal arterial re- 
activity and resting cerebral blood flow in 31 subjects. 
Correlation coefficient = .465, t = 2.820, p < OL. 
The regression of reactivity on flow is Y = .18X. 
The standard deviation from regression is 5.3. 


is a significant positive correlation between the 
two (r = .465, t = 2.820, p < .01). It will be 
noted from figure | that there are a number of 
instances in which reactivity and flow are not 
closely related, some persons having a poor 
reactivity but good flow, while some show good 
reactivity but a subnormal flow. 

‘he correlation between retinal venous re- 
activity and cerebral blood flow is not at a 
significant level. 

2. Correlation between Retinal Vascular Re- 
ctivity to Oxygen and Increase in Cerebral 
slood Flow in Response to Carbon Dioxide 
‘his relationship is of interest because it 

coimpares a function of motility in retinal 


vessels with a function of motility in cerebral 
vessels. Schieve and Wilson‘ have shown that 
persons with cerebral vascular disease have 
significantly less increase in cerebral blood flow 
on breathing carbon dioxide than do normal 
persons. 


Nn 
° 





a 





RETINAL ARTERIAL REACTIVITY (%) 





INCREASE IN CBF ON 5% CO, 


Fic. 2. Correlation between retinal arterial re- 
activity to oxygen and increase in cerebral blood 
flow on inhalation of 5 per cent carbon dioxide in 
21 subjects. The correlation is highly significant 
(r = 632, t = 3.550, p < .01). The regression of 
reactivity on flow change is Y = .234X + 1.8. The 
standard deviation is 4.2. 
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Fic. 3. Correlation between retinal arterial re- 
activity to oxygen and increase in cerebral blood 
flow on inhalation of 7 per cent CO, in 22 subjects. 
The correlation is significant (r = .463, t = 2.330, 
02 < p < .05), but not so good as for 5 per cent 
carbon dioxide. The regression of reactivity on flow 
change is Y = .13X + 1.7. 


Trials were made with both 5 per cent and 7 
per cent carbon dioxide. The effect of both 
gases was tried in 15 subjects. In all, 21 
subjects had 5 per cent carbon dioxide and 22 
had 7 per cent carbon dioxide. 

For the group on 5 per cent carbon dioxide, 
the mean increase in cerebral blood flow was 
24 ec. per 100 Gm. per minute (mean normal 
30 cc.*), and the retinal arterial reactivity was 
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74 per cent. For the group on 7 per cent 
varbon dioxide, the mean increase in flow was 
59 ec. (mean normal 70 ec.), and the retinal 
arterial reactivity was 9.4 per cent. 

The data on retinal arterial reactivity and 
cerebral blood flow increase on 5 per cent 
sarbon dioxide are presented in figure 2. There 
is a highly significant positive correlation 
(r = .632, t = 3.550, p < .01). Venous re- 
activity was also significantly correlated with 
flow change, but less closely (r = .489, t = 
2.430, 01 < p < .02). 

The data on arterial reactivity and cerebral 
flow change in the group receiving 7 per cent 
carbon dioxide are presented in figure 3. The 
correlation is again significant (r = .463, 
t = 2.330, .02 < p < .05), but not so highly 
significant as in the group receiving 5 per cent 
carbon dioxide. Venous reactivity was not 
significantly correlated with flow change. 

In the over-all picture, retinal arterial 
reactivity is significantly correlated with the 
resting cerebral blood flow and with the 
increase in flow which results from the inhala- 
tion of carbon dioxide. The closest correlation, 


and one which is statistically highly significant, 
is that between retinal arterial reactivity and 
the increase in cerebral flow on 5 per cent 


carbon dioxide. Retinal venous reactivity, in 
general, correlates poorly with these functions 
of the cerebral circulation. 
DIscUSSION 

Persons with retinal arteriosclerosis have a 
decreased retinal arterial reactivity.' Persons 
with cerebral arteriosclerosis have a decreased 
cerebral blood flow and cerebral vascular 
reactivity.’ 4 In a group which includes normal 
and arteriosclerotic persons, retinal arterial 
reactivity is significantly correlated with cere- 
bral flow and reactivity. It appears from this 
that arteriosclerosis which is advanced enough 
to affect these measurements is apt to involve 
both retinal and cerebral vessels. There are 
certainly exceptions to this generalization. 
These are apparent on inspection of the 
figures. 

Inspection of figures 2 and 3 suggests the 
possibility of making further generalizations as 


to what the retinal arterial reactivity of a 
subject may mean in terms of cerebral vascular 
reactivity. A markedly reduced retinal arterial 
reactivity suggests, but certainly does not 
guarantee, a subnormal cerebral vascular 
reactivity. On the other hand, an average or 
above average retinal arterial reactivity is qui:e 
apt to be associated with a cerebral vasculir 
reactivity within the normal range. 

It is concluded that retinal arterial reactivi' y 
has extrapolative significance in terms of the 
cerebral circulation. 


SUMMARY AND CONCLUSIONS 


1. Parallel measurements of retinal arterial 
reactivity to oxygen, on the one hand, and 
cerebral blood flow and_ cerebral vascular 
reactivity to carbon dioxide, on the other, have 
been made in normal and _arteriosclerotic 
subjects. 

2. Retinal arterial reactivity is significantly 
correlated with cerebral flow and reactivity. 

3. This finding is taken to mean _ that 
arteriosclerosis severe enough to affect measure- 
ments of this sort is apt to involve retinal and 
cerebral vessels together. There are definite 
exceptions to this generalization. 


SuMARIO EspaNou 


Se ha encontrado que la reactividad arterial 
retinal al oxigeno esta disminuida en personas 
con arteriosclerosis retinal y que la circulacién 
cerebral al inhalar bioxido de ecarbono dis- 
minuye en personas con arteriosclerosis cere- 
bral. El presente estudio demuestra que existe 
una correlacién positiva significativa entre la 
reactividad arterial retinal en un lado, y la 
reactividad de la circulacién cerebral en el 
otro. Este hallazgo significa que arteriosclerosis 
suficientemente severa para afectar determina- 
ciones de esta naturaleza es capaz de implicar 
los vasos retinales y cerebrales a la vez. 
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Effect of Neck Compression on Sodium 
Exeretion in Subjects with Conges- 
tive Heart Failure 


By Tuomas A. Lomparpo, M.D., anp Tinstey R. Harrison, M.D. 


Previous studies on normal subjects have shown that neck compression causes increased urinary 
excretion of sodium in the sitting position, but has little or no effect in the recumbent position. In 
the present study, patients with congestive heart failure have exhibited no increase in urinary 


sodium excretion after neck compression. 


REVIOUS studies!’ ? have shown that 

the decline in sodium excretion which 

occurs in the sitting position, as com- 
pared with recumbency, can be partially but 
not completely prevented by compression of 
the neck. Neck compression of the same sub- 
jects in the horizontal and head-down (Tren- 
delenburg) positions had little or no effect. 
Also, removal of small amounts of blood from 
sitting subjects caused reduction of sodium 
excretion which could be prevented by com- 
pression of the neck.’ These observations were 
interpreted as indicating the existence of a 
central homeostatic mechanism which regu- 
lates the volume of extracellular fluid by alter- 
ing sodium excretion, and is apparently acti- 
vated by changes in the volume of body fluids 
rather than by changes in cardiac output. The 
present study was performed to learn whether 
such a mechanism is active in patients with 
congestive heart failure. 


METHODS 


Four patients in congestive heart failure were 
studied. None had recently received mercurial 
diuretics. Each subject came to the laboratory in 
the fasting state, and ingested 200 ml. of 0.14 per 
cent sodium chloride every 30 minutes. Urine was 
collected at hourly intervals for a period of nine 
hours, and one small chocolate bar was consumed 
every two hours. Serum sodium analyses were done 
at the beginning and end of the studies. These ob- 
servations will be reported later. 

Experiments dealing with compression of the neck 


From the Department of Medicine, Medical Col- 
lege of Alabama, Birmingham, Ala. 
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were conducted in the same manner but were per- 
formed a few days later. A blood pressure cuff was 
wrapped around the subject’s neck and sustained 
at a pressure of 20 mm. Hg. 

Sodium analyses were done according to the 
method described by Mosher and co-workers’ us- 
ing the flame photometer. 


RESULTS 

Since the results were essentially similar 
for all four subjects, they are presented as 
averages in figure 1. For the purpose of com- 
parison, similar observations made on normal 
subjects? are also presented. 

Urine Volume. This function increased 
shortly after the subjects began to drink the 
dilute sodium chloride solution. Diuresis at- 
tained a peak at the end of the second hour in 
the normal subjects, but the congestive heart 
failure patients did not show maximal diuresis 
until the sixth hour. The total diuresis was 
much smaller in the patients exhibiting heart 
failure. After maximal diuresis was reached, 
the normals continued to excrete water in 
excess of intake, whereas the congestive heart 
failure subjects failed to do so. 

Neck compression was not associated with 
significant alterations in urine volume of either 
group. The diuresis noted in the normal sub- 
jects is compatible with the studies of Verney,’ 
who demonstrated inhibition of the posterior 
pituitary consequent to the ingestion of hypo- 
tonic solution. A lack of diuresis in the patients 
with heart failure was perhaps due to the pres- 
ence of excessive amounts of an antidiuretic 
substance.® 

Sodium Excretion. During the control stud es, 
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th: normal subjects displayed a progressive 
ris’ in sodium output which soon exceeded 
th: intake (fig. 1). On the contrary, the pa- 
tic its with conjestive heart failure were unable 
to excrete the sodium, and at no time did the 
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lia. 1. The mean alterations in the renal excretion 
of water in four normal and four congestive heart 
failure subjects in the sitting position are presented 
in the upper left graph. The effect of neck compres- 
sion (20 mm. Hg) on this same function on the same 
subjects appears on the upper right graph. The lower 
graphs represent the hourly excretion of sodium in 
the same subjects with and without neck compres- 
sion. The normal subjects ingested 200 ml. of 0.14 
per cent sodium chloride every hour, and the patients 
wit: congestive heart failure ingested 400 ml. of 0.14 
per cent sodium chloride every hour. 


ut equal or exceed the intake. As the ob- 
ations continued, a decline in sodium ex- 
ion was noted. 

ompression of the neck in normal subjects 
luced a significant increment in sodium 
etion which was maximal at the end of the 


second hour. This procedure failed to increase 
sodium excretion in subjects with heart failure. 
The patients with congestive heart failure 
failed to exhibit increased sodium output when 
the neck was compressed in the sitting position. 
Normal subjects displayed this response in the 
sitting position but not in the horizontal posi- 
tion.? The reason for these variations is not 
clear at the present time. In any case the ob- 
servations suggest either (1) that the postu- 
lated volume regulatory mechanism is inactive 
in patients with congestive failure, or (2) 
that if this mechanism is active, its effects are 
overshadowed by some more potent mecha- 
nism, tending to cause sodium retention. 


SUMMARY 


1. Neck compression, under conditions which 
cause significant increments in sodium excre- 
tion of normal subjects, failed to increase so- 
dium excretion in four patients with congestive 
heart failure. 

2. In patients with congestive failure, the 
previously postulated intracranial ‘volume 
center” concerned with the regulation of the 
volume of extracellular fluid appears to be 
either inactive or overshadowed by some more 
powerful mechanism favoring sodium reten- 
tion. 

3. Patients with congestive failure exhibited 
impairment of excretion, not only of sodium 
but also of water. 


SuMARIO EspaANou 


Previos estudios en sujetos normales han 
mostrado qué compresién al cuello causa au- 
mento en excrecién de sodio en la posicién 
sentada, pero tiene poco o ningtin efecto en la 
posicién recostada. En el presente estudio, paci- 
entes en decompensacién cardiaca no mostraron 


aumento en excrecién de sodio después de com- 
presién al cuello. 
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The Effect of Posture on the Excretion of 
Water and Sodium by Patients with 
Congestive Heart Failure 


By Tuomas A. LomBarpo, M.D. 


Four patients with congestive heart failure were studied in the sitting and the recumbent positions. 
After hypotonic loading maximal diuresis set in at six hours, as compared with three hours in the 
normal subjects. Heart failure patients never excreted more than 50 per cent of water intake in 
either position. Likewise, these patients never equalled sodium intake with urinary excretion of 
sodium. Sodium excretion in the two positions was approximately the same. Increase in venous 
pressure, lengthening of circulation time, decline of vital capacity, and decline of serum sodium 
concentration were noted after each investigation period. These results are interpreted as indicating 
that the previously postulated intracranial volume regulating center is either inactive or over- 
powered by a more powerful mechanism in the patient with congestive heart failure. 


NUMBER of recent investigations have 
been concerned with the possible rela- 
tionship between alterations in fluid 

volume and sodium excretion. Thus studies on 
normal subjects':? have shown that the de- 
cline in sodium excretion which occurs in the 
sitting position, as compared with recumbency, 
can be partially but not completely prevented 
by compression of the neck. Also, removal of 
small amounts of blood from sitting subjects 
caused reduction of sodium excretion which 
could be prevented by compression of the 
neck.2 These observations were interpreted as 
indicating the existence of a central homeo- 
statie mechanism concerned in regulating the 
volume of body fluids. The finding of hyper- 
natremia and hyperchloremia with little or no 
salt excretion in the urine of patients with 
brain damage‘ indicates that a center in the 
brain may exist, which responds to tonicity 
changes. Furthermore, Lewy and Gassman? 
have produced hyperchloremia and _hyper- 
chloruria, but not polyuria, in cats by inducing 
lesions in the paraoptic nuclei. 

Welt and Orloff* have shown that increases 
in plasma volume as much as 51 per cent, using 
sali-poor albumin, are not associated with in- 
cre: se in the renal excretion of sodium. Re- 
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cently, Strauss and co-workers’ have shown 
that hypotonic expansion of the extracellular 
fluid in normal recumbent subjects is uniformly 
effective in augmenting the renal excretion of 
sodium, without changes in creatinine clear- 
ance. However, no effect was observed in the 
sitting position. These data were interpreted 
as indicating that an increase in extracellular 
fluid volume in the cephalic portion of the body 
produces an increase in sodium excretion. Con- 
versely, a contraction of extracellular volume 
in the cephalad portion of the body may be a 
stimulus for sodium retention. On the other 
hand the data indicate that changes in total 
plasma volume’ and total extracellular volume’ 
are without effect unless associated with corre- 
sponding local changes in the cephalic portion 
of the body. 

Since neck compression fails to increase 
sodium excretion in sitting patients with con- 
gestive heart failure,’ it is possible that the 
postulated volume regulatory mechanism is 
inactive in such patients, or that if the mech- 
anism is active, its effects are overshadowed by 
some more potent mechanism tending to cause 
sodium retention. In order to test the hypoth- 
esis, it was decided to study the effect of pos- 
ture on sodium excretion in patients with 
congestive heart failure. 


METHODS 


Four patients in congestive heart failure were 
studied on separate days, in the sitting and recum- 


Circulation, Volume VII, January, 1958 





92 EFFECT OF POSTURE ON EXCRETION OF WATER AND SODIUM 


bent positions. Dietary control was not attempted, 
and none of the patients had recently received mer- 
curial diuretics. Each subjects came to the labora- 
tory in the fasting state and ingested 200 ml. of 0.14 
per cent sodium chloride solution every 30 minutes. 
Similar observations on normal subjects ingesting 
200 ml. of 0.14 per cent sodium chloride solution 
every hour in the recumbent position, and 400 ml. 
of the same solution in the sitting position have 
been reported .? 

Urine was voided and collected every hour for 
a nine-hour period, and one small chocolate bar was 
consumed every two hours. Ten milliliters of blood 
were drawn at the beginning and the end of each 
study. Also, venous pressure (saline manometers at 
right heart level), vital capacity, and circulation 
time (arm-to-tongue-Decholin) were measured at 
the beginning and the end of the observations. Se- 
rum analysis for sodium was done according to the 
method described by Mosher and associates,® using 
the flame photometer. 


RESULTS 

Since all four subjects showed the same direc- 
tional changes in both the sitting and the re- 
cumbent positions, the results are presented 
as averages in figure 1. For the purpose of 
comparison, similar observations made on 
normal subjects? are also presented. 

Urine Volume in the Sitting and Recumbent 
Positions. In both the sitting and the recum- 
bent positions, urinary output increased shortly 
after the subjects began to ingest the dilute 
sodium chloride solution. Observations in the 
sitting position revealed that the normal sub- 
jects attained maximal diuresis at the end of 
the third hour, whereas, the patients with con- 
gestive heart failure did not show maximal 
diuresis until the sixth hour (fig. 1). After the 
peak of diuresis was reached, the normal sub- 
jects continued to excrete water in excess of 
intake, but the congestive failure subjects 
failed to do so. Even though the intake was the 
same for both groups in the sitting position, 
the patients with congestive failure retained 
an average of approximately 50 per cent of 
the water ingested. 

Although the water intake of the recumbent 
patients with congestive failure was twice as 
great as the normal subjects in the same posi- 
tion, urine volume was considerably less. The 
normal recumbent subjects excreted a volume 
greater than their intake, in contrast to the 
subjects with congestive heart failure who ex- 


creted less than 50 per cent of their intake. 
No significant differences in total volume cut- 
put were noted in the subjects with heart 
WATER awo SODIUM EXCRETION 
NORMAL SUBJECTS AND PATIENTS WITH CONGESTIVE FAILUF 
SITTING POSITION 


RECUMBENT POSITION 


—— rormal subjects 
---~ patients with congestive f »\ 


mi / he 


Urine «volume 


123456789 (23456789 
hours 

Fic. 1. Mean alterations in the renal excretion of 
water and sodium in the sitting and reeumbent posi- 
tions in four normal subjects and four subjects with 
congestive heart failure. In the sitting position both 
groups ingested 200 ml. of 0.14 per cent sodium chloride 
every 30 minutes. However, in the recumbent posi- 
tion, the normal subjects ingested only 200 ml. of 
the same solution every hour, but the congestive 
heart failure patients ingested twice as much. Thus, 
in the sitting position the intake of sodium was 
approximately 10 mEq. per hour. The intake was 
the same in the recumbent patients with congestive 
failure. The recumbent normal subjects ingested ap- 
proximately 5 mEq. of sodium per hour. 

The normal subjects displayed an initial positive 
balance of sodium while sitting and a definite nega- 
tive balance while recumbent. They soon reached 
approximate equilibrium as regards water. The pa- 
tients with congestive failure displayed markedly 
positive balances of water and sodium in both posi- 
tions. (See text.) 


failure in the recumbent as compared with 
the sitting position. However, maximal diuresis 
was reached at the end of the fourth hour in 
the recumbent position, and at the end of ‘he 
sixth hour in the sitting position. 
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S.dium Excretion in the Sitting and the Re- 
cun vent Positions. Studies in the sitting posi- 
tio: revealed that normal subjects displayed 
a | ogressive rise in sodium output which 
alm »st equalled their intake. On the contrary, 
the vatients with congestive heart failure were 
una le to exerete significant amounts of 
sodiim, and at no time did the output equal 
or «xceed the intake (fig. 1). 

I) the recumbent position, the subjects with 
heart failure ingested twice as much sodium 
as tie normals. In spite of this, sodium excre- 
tion was much greater in the normal subjects. 
The normal subjects exhibited a greater output 
of sodium in the recumbent as compared with 
the sitting position, but the congestive heart 
failure subjects failed to show this response 
to a significant degree (fig. 1). 

Serum Sodium Content. On both days of the 
observations, the serum sodium content aver- 
aged 139.0 mEq. per liter in the four subjects 
before ingesting the dilute sodium chloride 
solution. An average decline in serum sodium 
of 6.6 mEq. per liter was noted at the end 
of the sitting studies. This represents a 5 per 
cent decline in serum sodium concentration 
(table 1). 

In the recumbent position, an average de- 
cline in serum sodium was 5.5 mEq. per liter 
after ingesting the hypotonic solution or a 4 
per cent decline (table 1). Therefore, the fall 
in serum sodium concentration occurring with 
the ingestion of hypotonic saline did not differ 
significantly in the sitting and recumbent 
positions. 

Venous Pressure, Circulation Time, and 
Vital Capacity. The average venous pressure 
observed before beginning the sitting and re- 
cumbent studies was 233 and 224 mm. H,O, 
respectively. After ingesting the dilute saline 
solu‘ion in the sitting position, the average rise 
in \enous pressure was 61 mm. H.O, or a 27 
per cent increase. An average rise of 33 mm. 
H.(° was noted after ingesting the dilute solu- 
tio: while in the recumbent position. This rise 
rep sents 19 per cent increase above the level 
bef re commencing the study. All subjects 
der onstrated a rise in venous pressure at the 
enc of the sitting and recumbent observations 
(tai 'e 1), 


After ingesting the dilute saline solution, 
the arm-to-tongue (Decholin) circulation time 
increased by an average of five seconds in the 
sitting position and by 28 seconds in the re- 
cumbent position. At the same time the vital 
capacity declined under both conditions stud- 
ied. The average decline in the vital capacity 
was 300 and 400 ml. in the sitting and recum- 
bent positions, respectively (table 1). 


TaBLE 1.—Effects in Subjects with Congestive Heart 
Failure of Ingesting 3600 ml. of Hypotonic 
Saline Solution During Nine Hours 


Circula- 
Serum | Venous | tion Time Vital 
Subject Sodium Pressure| arm-to- Capacity 
mEq./L. mm. H2O tongue liters 
(Decholin) 


Sitting Position 
Before.......| 143.5 190 
135.0 | 265 

Before.......| 185.0 | 310 
After..........| 1280:| 410 
Before....... 139.0 240 
After:......«.| ¥8220 | 260 
Before.......| 188.0 190 
240 


Nw hw WW W bb 


Recumbent Position 


J.A. Before 33. 165 
After.... i 250 
B.M. Before.......| 136. 410 
) , 426 
C.H. Before ‘ 160 
Atter....i.. 0.) F6Be 170 
CW. Betore....::.:. 3. 160 
180 


bo Ww bo bo bo 
anmnonned © 


a Ww) 


bt bo 
bo 


DISCUSSION 


The patients differed from normal persons 
subjected to the same procedures in several 
significant respects: (1) They exhibited a strik- 
ingly positive balance both for sodium and 
water, in both the recumbent and sitting posi- 
tions. (2) They developed a well-marked de- 
cline in the sodium concentration of extra- 
cellular fluid. (3) There was relatively little 
difference between the two positions as regards 
sodium output; normal subjects excrete a sig- 
nificantly greater amount of sodium when 
recumbent. (4) Within the course of several 
hours significant prolongation of circulation 
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time, elevation of venous pressure, and reduc- 
tion of vital capacity, occurred as a conse- 
quence of retention of fluid during the pro- 
cedure. 

These observations furnish additional evi- 
dence for the concept that retention of water 
by patients with congestive failure is not nec- 
essarily secondary to sodium retention, but 
tends to occur independently. This confirms 
the observations of Fremont-Smith'® and of 
Miller."' The observations indicate that the 
normal delicate homeostatic mechanisms regu- 
lating sodium and water excretion are gravely 
disturbed in patients with congestive failure. 
It has been previously shown’ that such pa- 
tients do not display the usual increase in 
sodium excretion produced by compression of 
the neck. The present study indicates an absent 
or impaired effect of posture, and also an in- 
ability of these patients to prevent significant 
osmolar dilution when hypotonic saline is in- 
gested. The observations can perhaps be ex- 
plained by the assumption that there is some 
powerful mechanism, active in subjects with 
heart failure, but absent (or inactive) in nor- 
mal subjects, and tending to overcome the 
normal delicate adjustments to changes in 
posture, to alterations in intracranial fluid 
volume, and to slight changes in osmolar con- 
centration. The nature of such a mechanism, 
if it actually exists, is obscure at the present 
time and can only be elucidated by further 
investigations. 


SUMMARY 


1. Patients with congestive heart failure 
ingesting hypotonic solution of sodium chlo- 
ride displayed relatively greater retention of 
water than of sodium and developed significant 
decline in serum sodium. It is believed that 
such subjects have primary as well as second- 
ary (to sodium) water retention. 

2. The effect of posture on the excretion of 
sodium and of water is absent or markedly 
diminished in patients with congestive heart 
failure as compared with normal subjects. The 
previously postulated intracranial volume regu- 
lating mechanism appears to be inactive or 
overshadowed in such subjects. 


SuMARIO EspaNou 


Cuatro pacientes con decompensacién cardi- 
aca fueron estudiados en posicién sentada y 
reclinada. Después de haber sido cargados hipo- 
tonicamente la diuresis comenzé a las seis horas, 


comparado con tres horas en sujetos norm» les, 
Pacientes con decompensacién cardiaca nunea 
eliminaron mas de 50% del agua ingerid:: en 
ninguna posicién. De igual manera, estos p.ci- 
entes nunca igualaron la cantidad de si dio 
consumida a la cantidad eliminada en la or na. 
Excrecién de sodio en las dos posiciones fué 
aproximadamente igual. Aumento en la pre-idn 
venosa, prolongacién del tiempo de circulacién, 
diminucién de la capacidad vital y diminu:ién 
en la concentracién del sodio en el suero fueron 
observados luego de cada periodo de investi- 
gacién. Estos resultados han sido interpretacdos 
como indicativos de que el postulado certro 
intracranial de volumen o es inactivo o sub- 
yugado a un mecanismo mas poderoso en el 
paciente con decompensacién cardiaca. 
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The Urinary Output of Catechol Derivative 
Including Adrenaline in Normal Individ- 


uals, in Kssential Hypertension, and in Myo- 
cardial Infarction 


By FRANKLIN R. Nuzvm, M.D., AND Fritz Biscuorr, Pu.D. 


Based on Shaw’s specific test, the adrenaline content of the urine of some normal individuals was 
considerably higher than has been reported by those using the von Euler technic (adsorption at an 
alkaline pH, elution and bioassay). One patient with myocardial infaretion showed highly significant 
amounts on four occasions. The marked elevation in the Kroneberg-Schiimann catechol ratio 
for hypertension patients as compared with normals, reported by these authors, was not confirmed 
by our findings. In three cases of myocardial infarction the ratio was elevated. Our ratios for nor- 


mals confirm the original work. 


HILE hypotension results following 

the removal of the adrenals, tumors 

of this gland frequently produce hy- 
pertension. One specific type of tumor, pheo- 
chromocytoma, gives rise to two types of hyper- 
tension, of which one is paroxysmal in character 
and due to liberation into the blood stream of 
excessive amounts of adrenaline. Pheochromo- 
cytoma also in some instances results in a 
progressive type of sustained hypertension, 
which is indistinguishable from essential hyper- 
tension.'! At the moment, the consensus is that 
essential hypertension is not concerned with the 
adrenal medulla, but Perera states,? ‘““The pos- 
sibility must still be entertained that sensitiza- 
tion of blood vessels to normal amounts of 
norepinephrine would account for hyperten- 
sion, and that we are not entitled as yet to 
eliminate «he adrenal medulla from further 
consideration.’”’ Bing® has hinted at a relation 
of dihydroxyphenylalanine to essential hyper- 
tension, in which there is decarboxylation to a 
pressor amine in an ischemic kidney, which 
cannot deaminate. There is much indirect evi- 
dence that adrenaline and noradrenaline are 
formed from phenylalanine.‘ The catechol nu- 
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cleus is formed by oxidation, and remove. of 
the carboxyl group is brought about by en- 
zymatic decarboxylation. The nonphe1.olic 
sympathomimetic amines appear to be de- 
stroyed in the body by deamination, but con- 
jugation appears to be the principal mode of 
inactivation of phenolic sympathomimetic 
amines. Adrenaline administered orally is re- 
covered in the urine as a conjugated phenol 
sulfate.®: © In the rat conjugation of the amino 
group of ephedrine has been demonstrated. 
Attempts to determine the concentration of 
adrenaline in mammalian blood either by phar- 
macologic or microchemical methods have been 
initiated at intervals over the last 30 years.7" 
In spite of the concentrated and ingenious 
efforts made, the status of the problem, as far 
as human blood is concerned, is still controver- 
sial. Shaw’ and Gaddum and Schild" developed 
respectively microchemical and fluorescence 
methods which are highly sensitive and accu- 
rate as far as pure adrenaline is concerned, but 
the application of these methods to blood with 
the complications of interfering substances, in- 
stability, and recovery has in our opinion not 
been satisfactorily solved. Our interest in the 
problem, integrated with the disappointment 
of some past experience in trying to determine 
blood adrenaline, was shifted to urine following 
the report of Kroneberg and Schiimann."® 
According to these authors the blood pressure 
raising fraction of human urine, originally cs led 
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“yrosympathin,” behaves pharmacologically as 
nor.drenaline; the content of this substance in 
the urine of patients with essential hyperten- 
sio:. and the hypertension of chronic nephritis 
is reised over the level of normals, and in hyper- 
tension patients there is a marked elevation of 
a conjugated pyrocatechol fraction related to 
noradrenaline which may be liberated by acid 
hydrolysis. To determine this fraction the Shaw 
microcolorimetric method, which depends upon 
the catalytic reduction of arsenomolybdic acid 
to a blue colored compound by adrenaline like 
compounds, was used. 


PLAN 


The present study was an attempt to verify 
the findings of Kroneberg and Schiimann that 
the conjugated catechol fraction of human urine 
is markedly raised in hypertension. These 
authors do not give the details of their appli- 
cation of the Shaw principle to their problem. 
As these details may well be of considerable 
importance, we have recorded our experimental 
procedure in detail. Shaw found that if adrenal- 
ive in solution is pretreated with alkali the color 
development in his test is increased fivefold. 
This phenomenon is characteristic for adrenal- 
ine and is not observed for catechol, noradrenal- 
ine, and others. Unfortunately Kroneberg and 
Schiimann do not mention whether they used 
the specific or nonspecific Shaw test. In our 
experiments we used both procedures. 

The present study concerns the determina- 
tion of adrenaline and the catechol fraction in 
the urine of 17 normal individuals, in 17 pa- 
tients with well established essential hyperten- 
sion, and in eight patients with angina pectoris 
and myocardial infarction. 

The ages in each of these groups of private 
patients averaged from 45 to 68 years. Those 
with essential hypertension had been followed 
from: 2 to 22 years, and the pressures recorded 
in the tables were the average of many readings 
take over a period of months or years. Four 
patients were experiencing severe anginal bouts 
and four were recovering from recent myo- 
cardial infarctions. The patients in all four 
groups were hospitalized during this study. 

hi recording the data in tables 1 and 2, 
content was calculated in milligrams per 12 


hours as catechol equivalents for the nonspecific 
and specific tests and for the ratios of these 
concentrations before and after hydrolysis. In 
all these categories catechol or crystalline ad- 
renaline (Parke, Davis and Co.) not pretreated 
with alkali was used as the standard. When 
the color equivalent of the unknowns after 
alkali treatment was elevated, indicating the 
presence of adrenaline, the adrenaline content 
was estimated from the color ratios obtained 
with adrenaline standards processed according 
to the specific and nonspecific Shaw tests. Since 
the color derived from catechol is slightly de- 
creased on prealkali treatment and that of 
adrenaline greatly increased, a proper ratio of 
these two substances could produce a compen- 
sating result; the response for noradrenaline is 
unchanged. 


METHODS 


Method for Urinary Catechol Derivatives. 1. Dilu- 
tion depends on original volume, depth of color, 
clarity, and so forth, of the specimen, and varied 
from | to 16 to 1 to 96. In each of four 50 ml. flasks 
place 0.25 ec. of concentrated sulfuric acid. Add to 
each of two flasks 12.5 ec. of diluted urine, to the 
third flask add 12.5 ce. of a 2 y* per cubic centimeter 
solution of adrenaline, and to the fourth flask add 
12.5 ce. double distilled water. Place one flask with 
urine in boiling water bath 15 minutes to hydrolyze. 

2. To each of the four flasks add 0.8 ec. 30 per 
cent sodium hydroxide and 0.9 ce. normal sodium ace- 
tate, (pH 4.0). Fill to the 50 cc. mark with water. 
Mix. From each flask pipet 2 cc. samples in each 
of two centrifuge tubes. Add to each tube 3 ce. 
water and 1 cc. of Shaw’s® aluminum hydroxide 
suspension. Centrifuge seven minutes at 2700 revo- 
lutions per minute. Place supernatant fluids in clean 
centrifuge tubes containing 1 ec. aluminum hydrox- 
ide suspension, and add to each 3 ce. ammonium 
chloride-sodium hydroxide buffert (pH 8.3). Centri- 
fuge three minutes. Discard supernatants. Wash 
precipitates with 3 cc. buffer; centrifuge three min- 
utes; discard supernatants. 

3. Add to each tube 3 cc. water. To four tubes 
add 0.9 ce. 4 per cent sodium hydroxide for Shaw’s 
specific test and to the four corresponding tubes 
0.9 ce. sulfuric acid (approximately 1/6 normal). Mix. 

Add to each tube 2 cc. of Shaw’s sulfurous acid 
reagent, 0.75 cc. arsenomolybdie acid reagent, mix 
and place tubes in boiling water bath for five min- 


* » is used in this paper to indicate .001 mg. 

+ Ammonium chloride-sodium hydroxide buffer: 
17.38 Gm. ammonium chloride and 1 Gm. sodium 
hydroxide in 300 ec. water, pH 8.37. 





98 URINARY OUTPUT OF CATECHOL DERIVATIVES 


utes. Cool. After at least 20 minutes read colors in 


colorimeter. The adrenaline standard corresponds TaBLE 1.—Data on Individuals for the Kroneberg- 


to 1 1: The increase in color upon alkali treat- Schiimann Catechol Test and the Shaw Adrenalin: 
ment is about sixfold. Test 


The reagents used were prepared according to : 

Shaw’s directions.°* The ammonium chloride buffer ; Bt ao 
; 5 Ratios — 

was introduced to eliminate the use of phenolphthal- aline 
ein which may produce a high blank. oy eae a 

The recovery of adrenaline in a concentration of 
0.05 y per cubic centimeter run through the Shaw ie as 
method was found to be at best, 56 per cent. Upon and Sex eng 
using a greater amount, 0.25 y adrenaline per cubic 
centimeter, the recovery was more nearly quantita- 
tive. The recoveries for two 4 y standards of catechol 
were 84 and 83 per cent. 

In comparing a standard of 4 y catechol against ee Ss 
the 1 y adrenaline standard, 1 y catechol had the J. | Normal 2.04.1.12 0.89 
color equivalent of 0.25 y adrenaline in the acidic  11.971.00/1.00! 
tests. In the alkaline test for catechol, 1 y has the : 
equivalent of 0.20 y adrenaline in the acid test. A .C. | Normal 1.94:0.96 0.84 
standard of 4 7 catechol was adopted to replace the N |2.02:1.0910.95 
adrenaline standard originally used. The greater — a 
stability and availability of catechol made _ this 8. | Normal N (2.12\1.26/1.1110.59 
substitution desirable. 

There is apparently no loss upon hydrolysis (boil- a e 
ing for 15 minutes with sulfuric acid) of either 2 4 T.D.| Normal 2.11/1.08 11.07 
per cubic centimeter adrenaline or 4 y per cubic N 2.48/1.30.0.93/0.30 
centimeter of catechol, since the minor color differ- see 
ences given by the hydrolyzed and unhydrolyzed . H| Normal N /1.99)1.03.0.97 
standards were within the error inherent in the 
method (about 15 per cent). 


12 Hour Urine 
Acid Tests, Hydrolyzed: 
Unhydrolyzed Urine 
Hydrolyzed Urine 
Alkaline: Acid Test 
Unhydrolyzed Urine, 
Alkaline: Acid Test 








Normal 1.63)1.04.0.90 
RESULTS AND DISCUSSION N (2.18/1.04.0.96 





There is no increase in the ratio of the ead 2.381.190.91 
catechol derivatives of hydrolyzed to unhydro- N |1.771.040.89 
lyzed urine in the hypertension group as com- eenietepeementyemnen 
pared with the normal group. (See table 1.) All Normal - 2,201.18 1.39 

sia Sree -. 9 Asthma 1.50:1.200.85 
the mean ratios, approximately 2.0, agree . " 
within once the standard deviation of the mean. | 1.171.35 1.10 
Moreover, there are no individual ratios in the N 1.840.96 1.00 
hypertension group above the highest indi- Se 
vidual ratios in the normal group. We have - B. | Normal . ae 

. N_ 2.620.960.95 
taken the liberty to calculate a mean and ; es 
standard deviation of the mean for Kroneberg “so 2.56 1.070.93 
and Schiimann’s 10 normals; the result 1.73 + N 1.66.0.98 1.02 
0.16 agrees well with our normal group. It is an amma 
difficult to reconcile the discrepancy between -W. | Normal N |1.76,0.96 0.85 

j : 1.96,1.02 0.96 
their and our results for the hypertension group. 

Kroneberg and Schiimann report ratios ranging 
from 2.0 to 9.5 for this series. We have pooled 











Normal N 1.56.1.10 1.02 





671.00 0.89 
1.091.11 


* Since a number of the reagents used in this test M. D. Normal! 1.67 
are dangerous or highly poisonous, persons who have N |2.34 
not had the proper training to handle such reagents 
should not attempt to prepare the reagents or run 
the test. 
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TABLE 1—Continued 


Diagnosis 


12 Hour Urine 


Raties 


| 
| 
| 
| 
| 
| 


| Adren- 
aline 


| Case 
| Mesin and Sex 
12 


TABLE 1—Continued 


Diagnosis 


Normal 


Normal 


Normal 


Mild hypertension 

180/90 

Marked hyperten- 
sion 

220/120 


Marked hyperten- 

sion 
220/120 
Hypertension 
165/94 


Marked hyperten- 


sion 
240/120 


Hypertension 
190/70 


Hypertension 
176/108 


Hypertension 
165/80 


Marked hyperten- | D |1 


sion 
220/120 


Hypertension 
160/75 


Unhydrolyzed Urine 
Alkaline: Acid Test 
Alkaline: Acid Test 


Acid Tests, Hydrolyzed: 


Hydrolyzed Urine, 
| Unhydrolyzed Urine, 


| 


D 2.64 1.19,1.87 
N |2.070.9111.08 
96 1.020.94 
.8811.14/0.89.0.18? 
141.00 1.09 
2.151.521.011.13 
ioeall 
.56)0.94/1.00 
.601.0510.87 


.64/1.07)1.02 


2.45)1.03)1.00 


2.24}1.17|1.17|0.47 


.74/1.09)1 .22 
.51/0.98)1.20 
.67'0.86)1.11 


2.13)0.98)1.10 


.80)1.05)0.95 


2.20)1.06)2.03/2.22? 
.75)1.02/0.69 

2.41/0.73)1.54/1.04 
141.171.070.522 
.73)1.16)1.02/0.27 
.17/1.15)1.07/0.21 


.81,0.96,0.98 


D 1.670.820.90 


Marked hyperten- | D |2.000.961.12 


sion 
240/120 


M. T.| Hypertension 
f 190/120 


ZO | 12 Hour Urine 


Acid Tests, Hydrolyzed: 


Unhydrolyzed Urine 
Hydrolyzed Urine, 

Alkaline: Acid Test 
Unhydrolyzed Urine, 

Alkaline: Acid Test 


1.81/1.11/0.92 
2.10 1.15)1.05 





Hypertension 
218/110 


Hypertension 
160/110 

. B. | Hypertension 
f 154/100 


M. L.| Hypertension 
f 155/100 


ZO | 


| D 


C. M.| Hypertension 
f 190/115 


N 


2.18,.1.09)0.97 
1.71)1.10|0.77 
2.21,1.13/1.04 
2.43 0.95'0.94 
1.79 0.99/1.03 
2.00 0.88/0.89 


1.84.1.38'1.26 0.44? 
.62 1 
2.16 ¢ 


.O1 1.16 
.90)1.07 





8.58. 
m 


Angina pectoris 
176/105 


A. R. 
tion 
m 165/100 


W..d. 
tion 
158/110 


BR. Re 


m 


tion 
Angina pectoris 
130/80 


R. RK 


m 


(Repeat test) 


Mvoeardial infare- 


Myocardial infare- | 


Myocardial infare- 


D 
N 


N 


24 
hr. 


W. B.| Myoeardial infare- | D 


tion 


m 170/110 


N 


B. R.| Myocardial infare- | D 


tion 
m 


R. R.| (Repeat test) 


N 


| 24 | 
hr.| 


1.841.01,1.06 
1.99 1.17,0.87.0.337 


2.69:0.82,1.10 


3.16.1.18'0.97)1.12 


2.25)1.00/1.04 


3.28 1.03)1.00 


2.89)1.45/1.05)1.68 


3.491.1011.69 0.44 
24 hr. 


1.84:1.101.19 


1.29 0.77 0.65 


1.370 


940.72 
1.85,0.64 0.94 


2.45)1.26,1.14/0.79 
24 hr. 





2.10)1.15/1.03,0.23 
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TaBLE 1—Concluded 


Ratios 


Case 
and Sex 


id Test 


Diagnosis 
Mg. in 
12 
Hours 


lyzed Urine 
: Acid Test 


Unhyd 


é 
=< 


Acid Tests, Hydrolyzed: 


12 Hour Urine 

Hydrolyzed Urine, 
Alkaline 

Unhydrolyzed Urine, 


1.59 1.311.35 


— 
—_ 


N. Myocardial infare- 
tion 
Angina pectoris 
180/110 
. T. Angina pectoris 2.14)1.061.03 
188/120 2.02)1.16/1.20 0.22? 


1.69 1.02,1.14 


eight patients, with either angina pectoris or 
recent myocardial infarction. As a group, the 
mean index does not deviate from the normal. 
(See table 2.) However, in three cases of myo- 
cardial infarction the ratios 3.16, 3.28, and 3.49 
must be considered abnormally high. (See 
table 1.) 


established. In the hypertension group, two 
urines showed adrenaline in amounts of 0.47 
and 0.3 mg. Doubtfully significant values were 
2.2, 1.0, and 0.44 mg. On first glance it might 
appear paradoxic that a value of 2.2 is of doubt- 
ful significance, while a value of 0.3 is signifi- 
cant. The reason is that the dilution in one e se 
was not in a range assuring the maximim 
analytic accuracy. In the heart cases there 
were two patients with well  establisled 
amounts of adrenaline in the urine, one of which 
showed 0.2, 1.7, 0.44, and 0.79 mg. on four 
separate occasions. Since Kroneberg and Sc‘iii- 
mann believe the blood pressure-raising fraction 
in urine behaves pharmacologically as norad- 
renaline, our findings of the presence of adreial- 
ine or a compound giving the adrenaline color 
reaction is of interest. 

Goldenberg'® states that the quantities of 
noradrenaline and adrenaline encountered in 
normal urine are too small to be determined by 
chemical means. It is true that the amounts 
detected by bioassay following von Euler and 
Luft’s procedure” would be too small to detect 
by Shaw’s method. Goldenberg also points out 


TaBLe 2.—Means of Kroneberg-Schiimann Catechol Ratios and of Shaw Specific Test Adrenaline Ratios (for Huma 


Urines Under Various Conditions) 


Acid Tests Hydrolyzed Urine: | Hydrolyzed Urine Alkaline Test: 
Acid Test 


= Unhydrolyzed Urine 
Subjects 


Day Night Day 


Normal, 17 
Hypertension, 


Mg. as Catechol 
Acid Test 
Hydrolyzed Urine 


Unhydrolyzed Urine 
Alkaline Test: Acid Test 


Night Day Night Day Night 


2.06 + 0.112.01 + 0.071.09 + 0.031.10 + 0.041.04 + 0.070.98 + 0.0262 + 1046 + 


17 1.90 + 0.071.89 + 0.091.04 + 0.041.038 + 0.03.1.14 + 0.070.98 + 0.04\72 + 12.56 


Heart condi- 
tion, 8 


Of the 17 normals, five patients showed 
amounts of adrenaline in the urine, based on 
the difference between Shaw’s specific and non- 
specific tests, which differences were signifi- 
cantly greater than the inherent experimental 
error of the method. The values in milligrams 
per 12 hours were: 0.3, 0.9, 0.75, 1.13, and 0.6. 
Three other urines produced doubtfully signifi- 
cant values. The fact that the mean ratios for 
the alkaline to acid tests were above 1.00 is 
indicative of the presence of some adrenaline. 
However, with an experimental error of 15 per 
cent and the dilutions required for the test, the 
presence of adrenaline in all urines was not 


1.98 + 0.152.27 + 0.261.05 + 0.051.09 + 0.071.07 + 0.060.98 + 0.0664 4 1587 


that adrenaline is easily oxidized at pH 7 when 
exposed to the air. Since the von Euler technic 
uses Shaw’s aluminum hydroxide resorption at 
pH 8, there is probably a destruction of phar- 
macologic action, although the oxidation product 
still gives the chemical test. It would appear to 
us that since the instability of adrenaline at a 
pH more alkaline than 7 is well known, any 
bioassay method which uses an extract which 
has been above this pH is open to criticism. 
The only substance beside adrenaline known 
to give Shaw’s specific test is p-sympatol, and 
this in a concentration 2000 times tha‘ of 
adrenaline. While it might seem presumptuous 
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it we should report values for adrenaline so 

variance with the bioassay tests obtained by 

» von Euler method, we cannot dismiss as an 

efact the consistant differences obtained be- 

een Shaw’s acid and alkaline procedure. 
Rather we feel that in the light of the dis- 
erepaney of the two procedures, further in- 
vestigation is warranted. Kroneberg and Schii- 
mann originally suggested that the bases might 
be so altered in the urine as to still give the 
chemical test after the products no longer initi- 
ated pharmacologic action. 


SUMMARY 


Based on Shaw’s specific test, adrenaline was 
found in the urine of normal subjects, patients 
with hypertension, and patients with myo- 
cardial infaretion. The accuracy of the method 
was not sufficient to establish the presence of 
adrenaline in all urines. Two patients with 
myocardial infarction showed highly significant 
amounts of adrenaline and one of these showed 
such amounts on four occasions. These findings 
have not been previously reported and the 
possibility of an etiologic relationship between 
an increased amount of adrenaline and myo- 
-ardial infarction is intriguing. 

Kroneberg and Schiimann’s ratio of catechol 
derivatives in hydrolyzed and unhydrolyzed 
urine was confirmed for a group of 17 normals. 
The marked elevation in ratio observed for 
hypertension patients by these authors was not 
confirmed by our findings. However, in three 
patients with myocardial infarction, a signifi- 
cantly elevated ratio was observed. 
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Sumario EspaNou 


‘asado en la prueba especifica de Shaw, el 
tenido de adrenalina en la orina de algunos 
tos normales fué considerablemente mas 
ali» que lo que se ha reportado por aquellos 
qu: usan la téenica de von Euler (absorcién 
a in pH alkalino, levigacién y bioensayo). 
U:. paciente con infarto del miocardio mostré 
ca tidades altas significativas en cuatro oca- 


siones. La marcada elevacién en la proporcién 
Kroneberg-Schumann de catecol en pacientes 
hipertensos comparado con sujetos normales, 
reportado por estos autores, no fué confirmada 
por nuestros hallazgos. En tres casos de infartos 
del miocardio la proporciédn estuvo elevada. 
Nuestras proporciones para normales confirma 
el trabajo original. 
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Right Auricular and Ventricular Pressure 
Patterns in Constrictive Pericarditis 


By Pavut N. G. Yu, M.D., Frank W. Lovesoy, Jr., M.D., Howarp A. Joos, M.D., 
Rosert E. Nye, Jr., M.D., anp Eart B. Manoney, M.D. 


The characteristic intracardiac pressure patterns of four patients with constrictive pericarditis 
are described. The significance of a high ratio between right ventricular end-diastolic and systolic 
pressure is demonstrated. Postoperative changes are described in one patient and the mechanism 
of the production of the pressure patterns is discussed. 


RESSURE patterns from the right 

auricle and ventricle in constrictive 

pericarditis were first described in 1946 
by Bloomfield and associates! and recently 
by Hansen and associates? and McKusick.* 
The right auricular pressure curve consists 
of (a) an M or W shaped pattern with two 
upward and two downward deflections, (b) 
moderately or markedly elevated mean pres- 
sure and (c) failure of the downward deflections 
to reach the baseline. The right ventricular 
pressure curve consists of (a) a slightly elevated 
systolic pressure and (b) a rapid diastolic 
dip followed by a high diastolic plateau. These 
pressure patterns were considered diagnostic 
of constrictive pericarditis and disappeared 
in one case following successful pericardi- 
ectomy.” In the series of cases of constrictive 
pericarditis reported by MckKusick,’ no post- 
operative pressure tracings are available in 
patients who had obtained significant clinical 
improvement. In 1948 Wood and associates‘ 
thought that the pressure curves obtained from 
the right ventricle in one of their patients with 
constrictive pericarditis might be due to arti- 
fact but Hansen and associates and McKusick 
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contended that the pressure patterns are 
characteristic of this disorder. 

Clinical differentiation between constrictive 
pericarditis and other simulating conditions 
may be difficult. A correct diagnosis is of 
paramount importance, since constrictive peri- 
carditis can be treated surgically; therefore, 
demonstration of characteristic pressure put- 
terns by cardiac catheterization in constrictive 
pericarditis may prove an important diag- 
nostic adjunct. 

It is the purpose of this report (a) to describe 
and emphasize the various features of the 
pressure patterns in four patients with con- 
strictive pericarditis and (b) to show the differ- 
ence between preoperative and postoperative 
pressure curves in one patient. The significance 
of the ratio between right ventricular end- 
diastolic and systolic pressures is emphasized. 


Metruop AND MATERIAL 


Cardiac catheterizations were performed as usual. 
The pressure tracings were recorded using a Sta- 
tham strain gage. A Sanborn strain gage amplifier 
in a multichannel direct writing oscillograph* was 
used in most instances. The records also included a 
simultaneous registration of the pneumogram and 
electrocardiogram. 

All pressures were recorded in millimeters of 
mercury above atmospheric pressure. The reference 
point for each patient was 6.5 cm. below the angle 
of Louis. The ventricular pressure tracings were 
measured for systolic and end-diastolic values in 
ach heart beat during two respiratory cycles and 
the results averaged. The right ventricular and 
auricular mean pressures were determined by plani- 
metric integration. The upper limits of the various 
pressures in normal subjects are as follows: right 
ventricular systolic pressure, 30 mm. Hg; right 


* Sanborn Poly-Viso Cardiette. 
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ntricular end-diastolic pressure, 5 mm. Hg; and 
1vean right auricular pressure, 5 mm. Hg.! Four 
jitients with chronic constrictive pericarditis were 
s'udied. Pericardiectomy was performed on two 
jaitients and postoperative pressure curves were 
«tained in one of these. 


RESULTS 
Case Report 


Case 1. C. T. This 20 year old man was admitted 
to the hospital in January, 1948 complaining of 
aching in the anterior chest, swelling of the abdo- 
men, and ankle edema of four months duration. He 
had suffered a crush injury of the chest 10 months 
previously. The jugular veins were slightly dis- 
tended. The heart was normal in rhythm and no 
murmurs were audible. The blood pressure was 
100/72. The liver edge was palpable 4 em. below 


C.T. #275225 


25 MMHG. 
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AURICULAR PRESSURE ( RIGHT ) 
ELECTROGARDIOGRAM - LEAD I 
PNEUMOGRAM 


DOWNSTROKE - INSPIRATION 
UPSTROKE - EXPIRATION 


Fic. 1. Right auricular pressure tracing in case 
C. T. (Description in text.) 


the costal margin and there were signs of free fluid 
in the peritoneal cavity. Fluoroscopy of the chest 
showed slight enlargement of both left and right 
ventricles. The pulsations of the heart were di- 
minished. Venous pressure was 330 mm. of saline. 
Electrocardiogram showed sinus tachycardia with 
low voltage and inverted T waves in leads I, II, 
il, and CF,. Circulation time from arm to lung 
(ether) was 40 seconds and from arm to mouth 
(\lacasol) was 46 seconds. 
The right auricular pressure curve obtained by 
diac catheterization showed an M or W shaped 
(tern with a mean value of 16 mm. Hg without 
piratory variation (fig. 1). Unfortunately, the 
of the catheter could not be introduced into the 
isht ventricle. 
\ clinical diagnosis of constrictive pericarditis 
‘made and the patient was operated on in June, 
‘Ss. The pericardium was pale, thickened and 
ous, and visible pulsations were minimal. The 
cardium and epicardium were removed from 


the anterior surface of both ventricles, laterally 
to the phrenic nerve and medially well around the 
right ventricle. The apex was completely freed. 
As the thickened cardiac envelope was relieved the 
heart action became more forceful. Since the opera- 
tion the patient has improved and has returned to 
a full work program. The venous pressure fell to 
130 mm. of saline. In March, 1952 he was well and 
cardiac catheterization was attempted twice un- 
successfully. 


Case 2. M. F. This 61 year old woman was first 
seen in the Medical Out-Patient clinic in December, 
1948 with complaints of exertional dyspnea and 
swelling of the legs and abdomen. She had had a 
history of rheumatic fever in childhood. The perti- 
nent findings were: elevated venous pressure, moist 
rales over both lung bases, apical systolic and dia- 
stolic murmurs, enlarged liver and spleen, and 
ascites and edema. The working diagnosis was 
rheumatic heart disease with mitral stenosis and 
insufficiency associated with congestive heart failure. 
During the following three years she was treated 
with bed rest, digitalis preparations, mercurial di- 
uretics, low-salt diet, and, most recently, ion ex- 
change resins. In spite of this regimen her edema was 
still marked. In November, 1951 the patient was 
restudied. Physical examination revealed distended 
jugular veins, massive edema of the legs, and cardiac 
enlargement both to the left and right. She had 
auricular fibrillation without a pulse deficit. There 
was a loud systolic murmur over the precordium, 
loudest at the apex. A diastolic click was suspected 
by two observers. The pulmonic second sound was 
accentuated. Moist rales were present at both lung 
bases, and there was moderate ascites. Roentgeno- 
grams and fluoroscopy of the chest showed enlarge- 
ment of the right auricle but not of the left, and 
extensive calcification of the pericardium. Cardiac 
-atheterization revealed a right ventricular pressure 
pattern characteristic of constrictive pericarditis 
with a rapid diastolic dip followed by a high diastolic 
plateau (fig 2.). The systolic and end-diastolic pres- 
sures were 52 and 18 mm. Hg respectively. The right 
auricular pressure showed two upward and two 
downward deflections with a mean pressure of 21 
mm. Hg. The downward deflections did not touch 
the baseline and the second downward deflection 
coincided with the ventricular diastolic dip. An 
interauricular septal defect was also demonstrated. 


Case 3. H. A. This 54 year old man was admitted 
in August, 1951 with symptoms of malaise, fatigue, 
anorexia, weight loss, exertional dyspena and cough 
for more than two weeks. He had always enjoyed 
good health until the present illness. The patient 
was febrile and toxic with distended jugular and 
thoracic veins. Expiratory rales were heard at both 
lung bases posteriorly. The heart sounds were distant 
and there was an apical systolic murmur as well as 
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a precordial friction rub. The blood pressure was 
92/70. The liver was 3 em. below the costal margin 
by percussion. Roentgenograms and fluoroscopy of 
the chest revealed an enlarged cardiac shadow with 
diminished heart pulsations. Electrocardiograms 
showed auricular fibrillation on admission which 
spontaneously converted to sinus tachycardia on 
the following day. In addition, the voltage was low 
and the T waves in leads over the left precordium 
were flat. A tentative diagnosis of pericarditis, 
probably of tuberculosis etiology, was made. While 
in the hospital the patient developed bilateral hy- 
drothorax requiring numerous thoracenteses on the 
right. The administration of Aureomycin, strepto- 
mycin and para-aminosalicylic acid failed to alter 
the course of his illness. 


MF. (269040) 11/16/51 


A PNEUMOGRAM 


B RIGHT AURICLE 
C ELECTROCARDIOGRAM 


Fic. 2. Right ventricular pressure (left) and right 
auricular pressure (right) curves in case M. F. (De- 
scription in text.) 


About two months after admission marked pro- 
gression of his dyspnea was noted. The venous 
pressure was 170 mm. of saline. The area of cardiac 
dullness was not increased, but the heart sounds were 
more distant. Increasing pericardial effusion was 
suspected. A therapeutic pericardial tap yielded 
100 cc. of straw-colored fluid. Cardiac catheteriza- 
tion prior to the pericardial tap showed a ventricular 
pressure pattern characteristic of constrictive peri- 
-arditis (fig. 3). This did not change significantly 
after removal of the pericardial fluid. The ventricu- 
lar systolic and end-diastolic pressures were 35 and 
15 mm. Hg respectively. The right auricular pressure 
pattern was not wholly characteristic, but the down- 
ward deflection failed to reach the baseline and the 
mean pressure was elevated to 16 mm. Hg. Operation 
was not considered because of his poor condition. 


The venous pressure continued to increase and the 
patient died three months after admission. Post- 
mortem examination revealed chronic constrictive 
pericarditis associated with acute tuberculous pevi- 
carditis and hydropericardium. 


Case 4. R. W. This 58 year old man was admitte 
in October, 1951 with a history of weakness an 
fatigue for one year and ankle swelling for abi 
five weeks prior to admission. In the past five yesrs 
the patient had had periodic swelling of the ank'es 
without chest pain, cough, dyspnea, or orthopne: 

There was pronounced edema of the legs a 
distended jugular veins. Examination of the lu 
showed some dullness over the left base posterio: 
with diminished breath sounds. The heart was 
slightly enlarged to percussion. The lateral borcer 
was just outside the midclavicular line in the fiith 
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Fic. 3. Right auricular pressure (left) and right 
ventricular pressure (right) curves in case H. A. 
(Description in text.) 


intercostal space. The rhythm was regular and the 
sounds were of good quality. No murmurs were 
heard. The abdomen was distended with signs of 
free fluid. The liver was palpable about 4 cm. below 
the costal margin. 

An electrocardiogram showed low voltage and 
inverted T waves in the left precordial leads com- 
patible with chronic pericarditis. Because of the 
presence of a QS wave in leads V,—V, the possibility 
of an old anteroseptal infarct was suspected. Venous 
pressure was 320 mm. of saline. Fluoroscopy of the 
chest showed some enlargement of the cardiac 
shadow, the configuration of which did not change 
significantly with changing position. However, there 
was diminished amplitude of pulsation. A moderate 
amount of fluid blunted the left costophrenic anzle. 

The differential diagnosis between constrictive 
pericarditis and coronary artery disease with chronic 
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congestive failure was not clear cut in this case. 
(ardiae catheterization showed a right ventricle 
p-essure pattern with a characteristic diastolic dip 
fc \lowed by a high diastolic plateau. The right ven- 
t: cular systolic pressure was 36 mm. Hg and the 
e:.d-diastolie pressure 21 mm. Hg. Because of the 
t\ pieal pressure patterns a diagnosis of constrictive 
pericarditis was made and the patient was prepared 
fo. pericardiectomy with mercurial diuretics and 
thoracentesis. 

\t the time of pericardiectomy there was marked 
thickening of the pericardium through which the 
pulsations of the heart were barely transmitted. 
This was particularly true over the region of the 
leit ventricle. The pericardium was incised and about 
300 ce. of fluid under pressure was obtained after 
which the excursion of the ventricle improved. The 
pericardium over the right ventricle was then in- 
cised and no free fluid was found. The pericardium 
was dissected free from the right side of the heart up 
to the auriculoventricular septum and towards the 
right side until both the inferior and superior venae 
cavae could adequately be visualized. There was no 
evidence of constriction around the venae cavae. 
Decortication around the left ventricle was more 
difficult. In some areas there was marked calcifica- 
tion and much of the thickened epicardium had to 
be removed by sharp dissection. The left ventricle 
was decorticated laterally to the phrenic nerve and 
superiorly to the auricle. The apex was freed from 
the diaphragm. The pulsation of the heart then in- 
creased markedly and the apparent increased filling 
was indicated by the bulging of the heart during the 
diastole. Pathologic examination of the pericardium 
showed fibrosis and chronic inflammation. The day 
after operation the venous pressure had dropped to 
130 mm. of saline and on the tenth postoperative 
day it was 100 mm. of saline. 

our months later the patient returned for follow- 
up studies. Physical examination revealed no ab- 
normalities of the heart, lungs, or abdomen. A 12- 
lead electrocardiogram was not different from that 
taken preoperatively. A chest film showed a definite 
decrease in the size of the cardiac silhouette and the 
lung fields were clear. 

Another cardiac catheterization was performed 
and the pressure tracings from the right heart 
showed distinct changes in comparison with the 
curves obtained before operation (fig. 4). In the right 
ventricle there was no longer a distinct diastolic 
dip tollowed by a high diastolic plateau. Instead, the 
pressure at the end of systole reached the baseline 
anc gradually rose during diastole to a level of about 
S mm. Hg. The right ventricular systolic pressure 
was 59 mm. Hg. The right auricular pressure curve 
still retained the M shaped pattern but the mean 
pressure was reduced to 5 mm. Hg. In addition, 
the lownward deflections touched the baseline and 
defiite respiratory variations were observed, 


The ratio between the right ventricular 
end-diastolic and systolic pressures in patients 
with constrictive pericarditis has not been 
previously described. The right ventricular 
systolic pressure may markedly increase in 
certain cardiopulmonary diseases, such as 
pulmonary stenosis, severe mitral stenosis, 
and chronic pulmonary diseases. However, 
the right ventricular end-diastolic pressure 
usually remains within normal limits unless 
right ventricular failure is also present. In 
the latter condition, both right ventricular 
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Fic. 4. Preoperative and postoperative right ven- 
tricular and right auricular pressure tracings in case 
R. W. (Description in text.) 


systolic and end-diastolic pressures may be 
abnormally high, but in our experience the 
ratio between the end-diastolic and systolic 
pressures is always less than one-third. 

The significance of this ratio in constrictive 
pericarditis is shown in figure 5. The end- 
diastolic to systolic pressure ratio was always 
less than one-third in 132 patients with various 
cardiopulmonary diseases other than constric- 
tive pericarditis studied in this laboratory. 
However, the ratio was more than one third 
in 15 patients with constrictive pericarditis 
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where measurements of the pressure were 
made or could be obtained (including 12 pa- 
tients reported by other investigators). In six 
patients following pericardiectomy (including 
five patients reported in the literature and one 
of our own cases) the ratio is below one-third 
with the exception of one patient in whom 
the cardiac catheterization was performed 
only 12 days after pericardiectomy. 
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- CONSTRICTIVE PERICARDITIS | 
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+ - OTHER CARDIOPULMONARY 
eames 
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Fig. 5. This graph shows the ratio between right 
ventricular systolic and end-diastolic pressures in 132 
patients with various cardiopulmonary diseases other 
than constrictive pericarditis, in 15 patients with 
constrictive pericarditis, and in six patients with 
constrictive pericarditis following pericardiectomy. 


DiIscussION 

The preoperative pressure patterns of the 
right auricle and ventricle presented in this 
report agree with those described by other 
investigators.'“* Hansen and associates? noted 
disappearance of the characteristic pattern of 
the pressure curve in patients following suc- 
cessful pericardiectomy. Similar change was 
also observed in one of our cases (case 4). 

We believe that the recording of the right 
auricular and ventricular pressure curves may 
be a very useful diagnostic aid in constrictive 
pericarditis. We agree with Hansen and co- 
workers? and McKusick*® that the pressure 
patterns are characteristic of this condition. 
However, the right ventricular pressure pat- 
tern is not pathognomonic for constrictive 
pericarditis since similar patterns have been 
observed in patients with right ventricular 
failure and myocardial fibrosis.?: * 

The mechanism of the characteristic right 
auricular and ventricular pressure patterns 
in constrictive pericarditis has been discussed 


by Hansen and associates and McKusick.?:? 
These are caused mainly by impaired diastolic 
filling of the right ventricle. The right ventricle 
is almost completely empty immediately fol- 
lowing the systolic ejection. The resulting 
drop in pressure constitutes the “diastolic 
dip” which is actually more apparent thin 
real. In the absence of a diastolic platesu, 
this ‘dip’ is a normal phenomenon, and 
touches or falls below the baseline. Both limi: a- 
tion of ventricular distension by the constricted 
pericardium and the high right auricular 
pressure cause the right ventricle to fill to its 
maximum capacity. Therefore, the ‘‘diasto'ic 
dip’”’ usually does not touch the baseline hut 
suddenly rises to a high diastolic plateau ur til 
it reaches the end-diastolic pressure. 

The end-diastolic pressure in the right 
ventricle is exceedingly high, so that the mean 
tight auricular pressure has to be high in order 
ro maintain a positive gradient between these 
two chambers. As the right ventricle fills up 
rapidly the drop in the auricular pressure is 
relatively insignificant and of short duration. 
This explains why the upward deflections of 
the right auricular pressure are high and the 
downward deflections fail to reach the base- 
line. The second downward deflection of the 
right auricular pressure almost coincides with 
the ventricular diastolic dip in time, shape, 
and amplitude. Therefore, the change of the 
pressure pattern in the right ventricle is 
primary, and that in the right auricle is 
secondary. 

The ratio between the right ventricle end- 
diastolic and systolic pressures may be useful 
in differentiating constrictive pericarditis from 
other conditions which give similar right 
auricular and ventricular pressure patterns. 
It is our experience that this ratio is not above 
one third in conditions other than constrictive 
pericarditis. Elevation of the end-diastolic 
pressure is associated with a corresponding 
rise of the systolic pressure in other cardio- 
pulmonary diseases. On the other hand the 
right ventricular systolic pressure is only 
slightly increased in a typical case of constric- 
tive pericarditis and the end-diastolic pressure 
is markedly elevated; furthermore, the ratio 
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between the end-diastolic and systolic pres- 
sures is always more than one third. 

striking changes occur in the right ventricu- 
lav and auricular pressure patterns of patients 
with constrictive pericarditis after successful 
pericardiectomy. The “diastolic dip” in the 
right ventricular pressure curve becomes less 
prominent, largely due to more adequate 
filling of the right ventricle. The diastolic 
pluteau almost disappears and the end-diastolic 
pressure is much lower. The right auricular 
pressure curve may retain an M shaped pat- 
tern but the mean pressure returns to normal 
value. The downward deflections touch the 
baseline and respiratory variation appears 
in the pressure curves. It is reasonable to 
assume that if the pericardiectomy is not 
satisfactory, the preoperative pressure pattern 
may be retained. Therefore, the changes in 
the right auricular and ventricular pressure 
patterns may be useful in evaluating the results 
of pericardiectomy. 


SUMMARY 


1. The right auricular and ventricular pres- 


sure patterns in four patients with constrictive 
pericarditis are described. 

2. The right auricular pressure is markedly 
elevated and shows an M or W shaped pattern 
with two upward and two downward deflec- 
tions. The downward deflections do not touch 
the baseline and the pressure curve shows no 
respiratory variation. 

3. The right ventricular pressure curve 
consists of (a) a slightly elevated systolic 
pressure, (b) a rapid “diastolic dip’ followed 
by a high diastolic plateau and end-diastolic 
pressure and (c) an end-diastolic to systolic 
pressure ratio of more than one-third. The 
significance of this ratio is emphasized. This 


ratio may help to distinguish constrictive 
pericarditis from simulating conditions where a 
high end-diastolic pressure may be recorded. 

4. The pressure patterns of one patient show 
distinct changes following successful _ peri- 
cardiectomy. 

5. The mechanism of the production of 
the pressure patterns is discussed. 
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SuMARIO EspaNou 


Las presiones intracardiacas de cuatro paci- 
entes con pericarditis constrictiva son descritas. 
El significado de la proporcién alta entre la 
presiOn intraventricular derecha al final de di- 
Astole y la presién sistélica es demostrado. 
Cambios postoperatorios se describen en un 
paciente y el mecanismo de la produccién de 
estas presiones se discute. 
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Parietal Focal Block: An Experimental 
and Electrocardiographic Study 


By V. Auzamora-Castro, M.D., Ricarpo ABuGattras, M.D., Cartos Rusio, M.D., José 
Bovronc_e, M.D., Cesar Zapata, M.D., Epuarpo Santa-Maria, M.D., Guipo 
BatTitANa, M.D., Teoporo Brinper, M.D., Ricarpo Supiria, M.D., AnpD 
Davip ParEpDEs, B.S. 


A method of producing focal ventricular block is described. The sequence of the electrocardio- 
graphic variations is ascribed to changes in the velocity and direction of the excitatory process 
in the ventricular wall. The epicardial electrocardiograms resemble those considered indicative 
of ventricular hypertrophy or of “incomplete” or of “complete” bundle branch block. When the 
focal block is pronounced a positive deflection appears in the cavitary tracing. The ventricular 
blocks can be subdivided into “conduction blocks” and “fiber blocks,” the former produced by 
the delay of the stimulus in the specialized conduction system and the latter produced by the delay 
of the excitatory process in the ordinary heart muscle. 


N the past, focal blocks have proved diffi- 

cult to produce experimentally. Recently, 

however, Frau obtained satisfactory re- 
sults by the infiltration of quinine salts into 
the ventricular walls.' We have found that 
certain substances when injected into a cor- 
onary artery produce a parietal focal block. 
We believe that the results of these experi- 
ments have theoretic and practical importance. 
Preliminary observations have been already 
published.? 


METHOD 


In 46 dogs 92 experiments were performed. Ob- 
servations were made after splitting the sternum 
and opening the pericardial sac. Fresh saline solu- 
tions of 2.5 or 5 per cent cocaine chlorhydrate were 
used, and small amounts varying from 0.1 to 0.5 ce. 
were injected into the coronary arteries. In several 
experiments saturated solutions of morphine, 1 per 
cent solutions of strychnine and other substances 
were also injected. The results were similar to those 
produced by cocaine. In most instances the anterior 
descending coronary artery was used, but in several 
experiments injections were given into the smaller 
vessels seen upon the epicardial surface of the right 
or left ventricles. In two instances the injections 
were given before and after cutting the left branch 
of the bundle of His. 

The right arm terminal of the electrocardiograph 
was connected to the right hind leg through a non- 
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polarizable electrode, and the left arm terminal was 
connected to the exploring electrode through a simi- 
lar nonpolarizable boot.? A rather large, olive shaped, 
electrode of German silver was introduced in the 
ventricular cavities, the indifferent electrode was 
attached to the left hind leg. Direct leads were 
taken upon the epicardial surface of the ventricular 
muscle supplied by the artery in which the injection 
was given. Control electrocardiograms were always 
taken; during the experiments tracings were ob- 
tained from distant ventricular zones, and occa- 
sionally curves were recorded while the exploring 
electrode was moved slowly over the epicardial sur- 
face. Cavitary leads were obtained where the more 
illustrative electrocardiographic changes were ob- 
served; curves were also taken while the electrode 
was moved in the ventricular cavity. Direct-writing 
electrocardiographs were found to be useful in locat- 
ing the most convenient points for obtaining perma- 
nent records. 


RESULTS 

The saline solution of cocaine when injected 
in a coronary artery caused a “parietal focal 
block” (p.f.b.) in the ventricular territory irri- 
gated by the vessel. The focal block developed 
rapidly while the injection was being given, 
and disappeared gradually in 15 to 30 min- 
utes. The electrocardiograms taken while the 
exploring electrode was moved slowly over the 
epicardial surface demonstrated that the ven- 
tricular region where the parietal focal block 
was maximal was encircled by zones in which 
the degree of the block gradually decressed 
(fig. 1). The blocked ventricular zone was fo:ind 
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Fig. 1. Left parietal focal block and left bundle branch block. Electrocardiogram 1 was taken upon 
the epicardial surface of the left ventricle before the experiment. Tracings 2 and 3 were recorded at 
the same point while parietal focal block was progressing. When focal block disappeared the left 
branch of the bundle of His was cut. Electrocardiogram 4 was taken at the same epicardial point 
when left bundle branch block was present. Tracings 5 and 6 were obtained when left bundle branch 
block and parietal focal block coexisted. The artery which was injected and the site of the exploring 


electrode are indicated in the diagram. 

The electrocardiographic changes in parietal focal block. The lower tracing was taken while the ex- 
ploring electrode was moved slowly over the epicardial surface following the direction indicated by 
the arrow. The electrocardiographie changes clearly demonstrated that the blocked region is encircled 
by ventricular muscle in which activation is normal and that the average degree of block is more pro- 
nounced in the central zone than in the periphery. 


P 86 6. 


Fia. 2. Left parietal focal block. In this figure the control curves and those showing the sequence of 
the electrocardiographic manifestations in the epicardial and endocardial leads are seen. The curves 
were taken at short intervals during the experiments while the electrodes remained immobile. 
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to be surrounded by muscle in which the excit- 
atory process was normal. 

Disturbances of the heart rhythm and 
changes in the heart rate were rarely observed. 
In the ventricular wall where the block occurred 
the contractile activity locally decreased and 
this phenomenon had some relation to the de- 
gree of block. 

The electrocardiographic changes in the epi- 
cardial leads. In right or left parietal focal 
block the terminal S waves when present in 
the control tracings disappeared rapidly when 
the block progressed (figs. 3 and 4). In left 
focal block the Q waves, when recorded in the 
control curve, persisted or became more prom- 
inent when the block progressed. Occasionally 


block progressed even more the RS duration 
was prolonged and a notch heralding the late 
positive deflection was seen in the ascending 
limb of the S wave. In all cases in pronounced 
right parietal focal block the ventricular com- 
plexes were of the rsR’ type (figs. 3 and 4), 
In the unipolar direct epicardial leads in eft 
and right parietal focal block tall and broad 
positive deflections were always recorded. As 
the block progressed the size of these defiec- 
tions increased and their summits were in- 
scribed gradually later (figs. 1, 2, 3, and 4), 

The electrocardiographic changes in the cevi- 
tary leads. If the exploring electrode was placed 
far from the ventricular wall where the parictal 
focal block occurred the form of the electro- 
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Fic. 3. Right parietal focal block. Electrocardiograms recorded while the parietal focal block pro- 
gressed. When the block begins the size of the R and S waves diminishes, the RS relation changes 
but no definite variation in the RS duration is observed. A notch heralds the late R wave. When the 
block is pronounced the ventricular complex is of the rsR’ type. Cavitary leads taken before the ex- 
periment and when the block was pronounced can be seen at the lower right. 


Q waves were only observed when the block 
was pronounced. In right parietal focal block 
the R deflection of septal origin remained al- 
most unchanged while striking variations were 
seen in the deflections representing the elec- 
trical activity of the free wall of the right ven- 
tricle (fig. 4). In some cases when the ventric- 
ular excitation was normal, the R waves of 
unipolar direct leads taken upon the epicar- 
dial surface of the right ventricle represented 
the combined electrical effects produced by 
activation of the septum and those produced 
by the activation of the underlying ventricular 
wall (fig. 3). In figure 3, as the block progressed 
the size of the R and S waves diminished, the 
R-S ratio was altered but no definite changes 
were observed in the RS duration. When the 


cardiogram remained essentially the same. 
When the electrode was placed near to or in 
contact with the ventricular wall where the 
focal block occurred, conspicuous variations 
were observed. The cavitary potential became 
less negative while the block was incipient, 
and during developed block a late positive up- 
stroke was recorded (figs. 2, 3 and 4). The size 
of the late positive deflection increased as the 
block increased. In right parietal focal block 
the endocardial electrocardiogram was of the 
rSr’ or rSR’ type (figs. 3 and 4). In left parietal 
focal block the cavitary tracings were of the 
Qr or QR type (fig. 2). When the exploring 
electrode in the ventricular cavity was moved 
away from the wall exhibiting focal block the 
size of the late upstroke diminished and finally 
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disappeared. In all experiments a late positive 
deflection in the cavitary tracing was recorded 
only when parietal focal block was already evi- 
dent (figs. 2 and 4). 

lhe electrocardiographic changes in left parietal 
focal block complicated by left bundle branch 
block. When these experiments were performed, 


DISCUSSION 


Conduction blocks and fiber blocks. In the ad- 
vanced stages of parietal focal block the trac- 
ings are no longer similar to those seen in ex- 
perimental bundle branch block. This observa- 
tion suggests that when parietal focal block is 
pronounced the course of the excitatory proc- 
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Fic. 4. Right parietal focal block. Epicardial and endocardial leads taken at intervals until the nor- 
mal curve reappeared. In epicardial as well as endocardial leads small initial R waves are present. 
When parietal focal block is severe the negative downstroke following the initial positive deflection 
becomes prominent. Terminal S waves recorded when ventricular excitation is normal disappear 
soon after the block begins. Variations in the size of the late positive deflections are obvious. In cavi- 
tary leads positive late deflections are present only while parietal focal block is pronounced; when the 
block disappears the negativity of the cavitary potential gradually increases. Tracings resemble those 
which in man are considered representative of right ventricular hypertrophy, ‘‘incomplete” and 


“complete” right bundle branch block. 


soon after the injection notable electrocardio- 
graphic variations were observed (fig. 1). The 
form of the ventricular complexes was strik- 
ing'y modified and the QRS interval was 
prolonged. The sequence of the electrocardio- 
graphic manifestations was similar to those re- 


cored in uncomplicated cases of parietal focal 
blox k. 


ess is delayed in the muscle fiber itself. When 
one of the branches of the bundle of His is cut, 
no immediate changes can be expected in the 
intrinsic condition of the muscle fibers located 
in distant parts of the septum or in the ventric- 
ular walls. Experimentally produced bundle 
branch block is a good example of a ‘‘conduc- 
tion block.’ As may be seen in figure 1, when 
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a left parietal focal block is produced after the 
section of the left branch of the bundle of His, 
notable variations in the shape and duration 
of the ventricular complexes are observed ; these 
changes can be ascribed only to the slow and 
abnormal course of the excitatory process in 
the ordinary ventricular muscle. The foregoing 
observations demonstrated the existence of “‘fi- 
ber blocks.” Since in the experiments herein 
discussed the blocking substance was injected 
into a coronary artery, it must be expected that 
in the ventricular territory irrigated by the 
vessel all of the muscle elements, even those 
located near the endocardium, were damaged; 
consequently the parietal focal block produced 
by this method probably represents a mixture 
of “conduction” and “fiber” block.2 The sub- 
division of ventricular blocks into ‘‘conduction”’ 
and “fiber”? block is consistent with the exist- 
ing physiologic data. The Purkinje network 
delivers impulses more or less promptly to the 
contractile elements, but once the stimulus 
reaches the muscle fibers the spread and further 
course of the excitatory process must depend 
upon the actual condition of the ordinary car- 
diac fibers. In a future paper the electrocardio- 
graphic manifestations accompanying severe 
“fiber” block will be discussed. 

The QRS changes in the epicardial leads. 
Under normal conditions in direct unipolar 
epicardial leads the S waves are not due to the 
electrical activity of the underlying explored 
zone, but to the electrical effects of some distant 
ventricular regions which are activated later.’ 
In right or left parietal focal block the terminal 
S waves diminish in size or disappear rapidly 
when the block begins. In the blocked region 
excitation is still progressing when the activa- 
tion is finished in the rest of the ventricular 
muscle; consequently, even when the focal 
block is incipient, there are no distant electrical 
forces that may produce negative potentials by 
the time the final part of the electrocardiogram 
is recorded. 

The Q waves are due to the electrical ac- 
tivity of the ventricular regions that are acti- 
vated earlier than the explored zone.* Since 
the spread of the excitation is delayed in the 
blocked region, in left parietal focal block the 
Q waves may persist, become more prominent, 


or are present only while the block is severe. 
In right parietal focal block the septum is not 
involved, therefore no changes can be expected 
in the initial positive deflection; similar ob- 
servations have been made in human right 
ventricular blocks. The 8 waves following the 
initial R deflections in right parietal focal block 
and the Q waves in left parietal focal block are 
produced by a similar process. 

In the electrocardiograms obtained in t) 
blocked region we may expect active balanci 
electrical forces only when activation is p 
gressing in the rest of the ventricular muscle. 
Hence, while the initial part of the ventricu!ar 
complex is influenced by distant electrical 
forces, the final part of the tracing represeiits 
the unbalanced potential variations of the ex- 
plored zone. Under normal conditions a posi- 
tive deflection is inscribed in a unipolar direct 
epicardial lead if the voltage developed across 
the wall beneath the exploring electrode in- 
creases more rapidly than the negativity of the 
adjacent ventricular cavity.* Once the ventric- 
ular muscle normally activated has passed 
into the resting electrical state, negative cavi- 
tary potentials no longer exist. Hence, in direct 
unipolar leads taken upon the epicardial surface 
of an island of ventricular muscle that is ac- 
tivated later, striking changes may be expected 
by the time the negativity of the adjacent 
ventricular cavity decreases or disappears. The 
size of the positive deflections in the epicardial 
leads in canine right or left parietal focal block 
may be partially due to the disappearance of 
the negative potential in the ventricular cavi- 
ties. However, the presence of a positive de- 
flection in the opposite endocardial leads clearly 
indicates that in determining the form and size 
of these deflections the abnormal course of the 
excitatory process in the ventricular wall also 
plays an important role.’ 

When the right parietal focal block begins 
(fig. 3), there is a delay in the activation of the 
ventricular wall beneath the electrode; hence 
the size of the R and S waves diminishes be- 
cause the voltage developed across the explored 
ventricular wall is balancing the negative po- 
tentials of the ventricular cavity. The vari- 
ations in the size and relation of the R and § 
waves that are important in the diagnosis of 
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ight ventricular hypertrophy can, in this case, 
e ascribed to a minor degree of block. Striking 
‘hanges may be observed in the form of the 
olectrocardiograms while no definite prolonga- 
ion of RS duration is noted. When right parie- 
al focal block is more pronounced the explored 
‘entricular wall becomes active even later, con- 
equently the potential variations of the ven- 
ricular wall beneath the electrode are un- 
»alaneed and the late positive deflection rises 
bove the base line. The foregoing analysis 
may explain the rSR’ type of ventricular com- 
plexes not only in canine parietal focal block 
hut also in cases of human right ventricular 
block.” 

The QRS changes in the cavitary electrocardio- 
gram. The analysis of the electrocardiographic 
changes observed in man when ventricular 
blocks are progressing, suggests that in the in- 
volved ventricular walls the vector that repre- 
sents the average direction of the excitation 
must be parallel or nearly parallel to the epi- 
cardial or endocardial surfaces.® 

Under normal conditions, in human beings 
or in dogs, the outward spread of the excitation 
in the ventricular walls produces negative po- 
tentials in leads taken inside the ventricular 
cavities.’ When the parietal focal block is in- 
cipient the negative potentials diminish. In 
parietal focal block the activation of the rest 
of the heart muscle remains unchanged, con- 
sequently, variations in the magnitude of the 
cavitary potentials solely can be ascribed to 
changes in the electrical activity of the ventric- 
ular wall where the block is progressing. In 
minor degrees of block the ventricular wall 
contributes less effectively or not at all to the 
production of either positive or negative poten- 
tials in the ventricular cavities. When the parie- 
tal focal block is severe a late positive deflection 
is recorded in the cavitary lead, and the size 
o| this deflection increases as the block in- 
creases. A similar positive deflection is simul- 
tuneously inscribed in the opposite epicardial 

id. Positive potentials in two leads taken 

on the opposite surfaces of the same ventric- 

ir wall suggest that the average direction 
the electrical forces developed in the ventric- 
ir wall is parallel, or nearly so, to the epi- 
dial or endocardial surfaces.2 Probably the 


spread of the excitatory process in the ventric- 
ular wall where a severe block occurs can be 
compared to the course of the excitation in the 
normal auricular muscle.? The experiments of 
Pruitt, Essex and Burchell in isolated strips of 
heart muscle support this point.® It was evident 
in all experiments that the positive upstroke in 
the cavitary lead appeared only when the block 
was severe. The presence of a positive potential 
in the ventricular cavities can be considered a 
reliable index of the degree of block. It is im- 
portant to mention that Sodi-Pallares, Estan- 
dia, Soberon and Rodriguez, using cavitary 
leads, found a positive potential only when the 
human left ventricular block was definitely 
established.’ The electrocardiograms become 
normal when the velocity of the excitation 
wave increases and when the excitatory process 
spreads radially from the endocardium towards 
the epicardium. 

The changes in the T waves. In normal condi- 
tions the direction and contour of the T waves 
depend at least partially upon the relative dura- 
tion of systole in the endocardial and in the epi- 
cardial layers.’ In parietal focal block the size 
and contour of the positive deflections repre- 
senting depolarization can be correlated to the 
size and contour of the negative waves repre- 
senting recovery. Considering the abnormal and 
slow course of the excitatory process in parietal 
focal block, it may be suspected that the mus- 
cular units that are activated first are first in 
recovering, and the muscle fibers that are acti- 
vated later are also later in passing to resting 
electrical state. 


CONCLUSIONS 

The form and duration of the epicardial and 
endocardial electrocardiograms in the different 
types of ventricular block depend mainly upon 
the velocity and direction of the excitatory 
process in the ventricular walls. The tracings 
obtained when right or left parietal focal block 
is incipient are similar to those that can be 
considered representative of right or left ven- 
tricular hypertrophy. The electrocardiograms 
recorded when parietal focal block is_pro- 
nounced resemble those of ‘incomplete’ or 
“complete” bundle branch block. In direct or 
semidirect unipolar leads, when the ventricular 
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excitation is normal, the voltage developed 
across the ventricular wall and other charac- 
teristics may indicate the thickness of the ex- 
plored heart muscle. It is also evident that 
under normal conditions the differences existing 
between the precordial leads exploring the right 
and left ventricles can be ascribed mainly to 
the different thicknesses of the underlying ven- 
tricular walls. Under pathologic conditions it 
is not known if the tracings considered indica- 
tive of right or left ventricular hypertrophy 
actually represent “conduction block,” “fiber 
block” or both.2 However, notorious variations 
in the form of the electrocardiograms may be 
expected only if a ventricular block exists. 

It follows that probably the designation 
bundle branch block is often but not always 
correctly applied. The experiments demon- 
strated that the tracings obtained in focal 
blocks can be mistaken for those observed in 
bundle branch blocks. It is probable that in 
human pathologic states “conduction block” 
can often be complicated by “fiber block.” It 
may be presumed that ‘fiber block’? has more 
definite clinical significance than ‘conduction 
block.” Pure ‘“‘conduction block” is compatible 
with a normal ventricular muscle, while “fiber 
block” indicates disturbances of the contractile 
muscle elements. 


SUMMARY 


In ventricular blocks the form and the dura- 
tion of the electrocardiograms can be ascribed 
mainly to changes in the velocity and direction 
of the excitatory process in the ventricular 
walls. Any delay in the passage of the impulse 
through the branches of the bundle of His, its 
subdivisions or the Purkinje network is de- 
fined as “conduction block.” The delay of the 
excitatory process in the ordinary heart muscle 
is defined as “fiber block.” “Mixed block” of 
these two categories also exists. 

In cases of canine experimental focal block 
the form and other characteristics of the elec- 
trocardiograms resemble those tracings that in 
humans may be considered representative of 
right or left ventricular hypertrophy, or of ‘“‘in- 
complete” or ‘complete’ right or left bundle 
branch blocks. 


In parietal focal block positive and broad 
deflections are recorded in leads taken on the 
epicardial and endocardial surfaces. In leads 
taken at opposite points separated only by the 
thickness of the ventricular wall, positive and 
broad deflections clearly indicate the average 
direction and velocity of the excitatory process 
in the ventricular wall where the block occiirs. 

The analysis of the QRS-T changes in ex- 
perimental focal block helps explain the form 
of the epicardial and endocardial electrocar«io- 
grams in the different types of human ven- 
tricular blocks. 


SuMARIO EspaNou 


Un método de producir bloque focal ventricu- 
lar se describe. La sequencia de variaciones 
electrocardiograficas es ascrita a los cambios 
en la velocidad y direccién del proceso excita- 
torio en la pared ventricular. Los electrocardio- 
gramas epicardiales se asemejan a aquellos con- 
siderados indicativos de hipertrofia ventricular 


o de bloque completo o incompleto del paquete 


de His. Cuando el bloque focal es pronunciado 
una defleccién positiva aparece en el trazado 
cavitario. Los bloques ventriculares pueden ser 
subdivididos en bloques de conduccién y en 
bloques de fibra, el primero producido por el 
retardamiento del impulso en el circuito de 
conduccidn especializado y el segundo producido 
por el retardamiento del proceso excitatorio en 
el mtisculo del miocardio. 
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Management of Moderately Severe Arterial 
Hypertension 


By Irvine H. Pace, M.D. 


SHALL review with you the course of a 
patient with the aim of demonstrating 
our approach to the treatment of severe 
essential hypertension. We are a long way 
from knowing all the answers; indeed we must 
admit that many of the basic mechanisms 
which sustain and regulate normal arterial 
pressure are obscure; still, interest in and 
knowledge of the arterial hypertensions has 
grown astonishingly in the past 15 years. 
Dr. Piette, would you present an abstract 
of the patient’s history? 


Dr. Prerre: This 52 year old man has been in 
good health most of his life. His mother died at 64 
years of heart failure and his father at 69 of a 
stroke. When he was 22, a college health examiner 
told him his blood pressure was slightly elevated 
on one occasion, but not sufficiently to cause any 
concern. He passed several life insurance examina- 
tions; on two of these occasions he was asked to 
return for recheck of blood pressure. The last time 
was 15 years ago. His blood pressure was found to 
be definitely elevated six years ago during a routine 
company physical examination. He had no symp- 
toms and he gave it no thought. About three years 
ago he experienced occasional morning headaches; 
two years ago these became regularly recurrent. 
Some nine months ago he noted shortness of breath 
on slight exertion and, more recently, that he slept 
best when supported by two or three pillows. About 
three months ago, his ankles became swollen during 
hot weather. He has had nosebleeds on two or three 
occasions and twice in the past three months epi- 
sodes of transient weakness of the right arm and 
difficulty in forming words. 

He is an active, successful businessman. He seems 
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socially and domestically well adjusted. He gives 
the impression of having a proper self-confidence 
and ability to express his feelings. He is not unduly 
depressed or concerned by what has happened, }ut 
is intent on a definitive resolution of his problem. 


Dr. Pace: You will notice that this man’s 
story is almost monotonously familiar. In fact, 
that is the reason it is brought up for discus- 
sion. I realize it would be more dramatic to 
present some unusual situation, some rarity, 
such as pheochromocytoma, because of our 
more satisfactory understanding of its nature 
and treatment. But that is not our main prob- 
lem. It is the commonplace and the familiar 
which is also the obscure; this we must con- 
stantly try to illumine. 

The first point to be established is whether 
or not we can identify a single cause of this 
man’s hypertensive disease. Glomerulone- 
phritis, pyelonephritis, pheochromocytoma, co- 
arctation of the aorta and many rarer causes 
should be considered (in women, of course, 
toxemia of pregnancy should also be con- 
sidered). These are classified and tabulated for 
ready reference on page 25 of that excellent 
text, Hypertension: Its Diagnosis and Treat- 
ment (second edition). 

Dr. Taytor: The most commonly over- 
looked of these is pyelonephritis. This simply 
should not be; prompt and proper treatment 
with antibiotics and antibacterials should 
eliminate this as a cause of hypertensive 
disease. I have become almost a missionary 
for this point of view; still, hardly a week 
passes without my seeing one or more victims 
of this sort of neglect. 
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PuysiciAn: Dr. Taylor, do you perform 
exc etory urography regularly in order to ex- 
cluve unilateral renal disease and polycystic 
kidneys? 

J'r. TayLtor: We routinely perform excre- 
tory urography not so much for the detection 
of 1are pheochromocytomas—which urograms 
rarely define—and unilateral renal disease, but 
as 1 indication of renal tubular function. 

Now, in this man’s case, this question does 
not seem to arise. Rather, the urgent problem 
is to relieve the damage his hypertension has 
caused before spending his time and ours in 
looking for causes we may never find, or in 
trying this or that obscure means of lowering 
his pressure. I take it that he is already on a 
low-salt diet, has been digitalized and is being 
weighed daily. 

Dr. Corcoran: This man’s disease was until 
recently asymptomatic. He comes now for the 
relief of symptoms caused by hypertensive 
vascular disease; this disease results in large 
measure from persistent elevation of arterial 
pressure. Consequently, the lowering of pres- 
sure to a reasonable level is a paramount 
issue; any other treatment is a stop-gap 
merely. 

Dr. Pace: You both think, then, that there 
is still some future for those who want to 
specialize in cardiovascular disease? There is 
always geriatrics, just in case, and the more 
hypertension you cure, the more geriatrics 
there will be. 

The heredity in this patient favors the 
diagnosis of essential hypertension, and it is 
rather strongly weighted against him. But 
notice that both parents lived fairly long lives, 
despite manifest vascular disease. I think it 
makes a difference and it is always a relief to 
hear that the family is relatively long lived in 
spite of the occurrence of vascular disease in 
both parents. 


[ won’t dwell on the many interesting prob- 
lem: associated with the social and economic 
aspe-ts of hypertension. Suffice it to say at 
the :roment that at long last some statisticians 
and insurance companies have had the good 
grace to allow people to die of essential and 
malicnant hypertension rather than piecemeal 


from uremia, apoplexy, “nephritis”? or heart 
failure. I feel sure that this failure to recognize 
the nature of the disease is one of the many 
reasons why hypertension has been such a dif- 
ficult disease ‘“‘to sell” to physicians and the 
laity. 

A Puysictan: Dr. Page, you use the words 
“essential hypertension and malignant hyper- 
tension” as if they were separate diseases. 
Will you clarify this? 

Dr. Pace: I suppose “malignant hyperten- 
sion” should rather be called the “malignant 
syndrome”’ because it appears under such a 
variety of circumstances. But the term malig- 
nant hypertension is so widely used, I doubt 
if anything we say is going to change it. Wide- 
spread necrotizing arteriolitis is the character- 
istic pathologic picture, and this is associated 
with marked diastolic hypertension. The syn- 
drome usually is added to pre-existing hyper- 
tension of varied origin and usually of long 
duration. There are patients, though, in whom 
the arterial disease and the hypertension start 
almost simultaneously. To be more specific, 
the malignant syndrome is probably not a 
separate disease but something added to the 
existing hypertension. 

The fact that slight transient hypertension 
was discovered when this patient was 22 brings 
up an interesting and often delicate problem. 
When slight transient hypertension is found, 
should the diagnosis of essential hypertension 
be made? What do you think, Dr. Corcoran? 

Dr. Corcoran: I certainly do not think an 
unequivocal diagnosis should be made. There 
is seldom any hurry about making a final 
diagnosis in this disease. You may recall that 
when we were at the Rockefeller Institute 
Hospital we examined a number of lads from 
the Brooklyn Navy Yard because of transient 
hypertension. A good many years later some 
had developed severe hypertension, but many 
of them were perfectly normal. It is from those 
with labile hypertension that the majority of 
the full-blown cases come, but it by no means 
follows that all persons with transient elevations 
of blood pressure will develop the disease. The 
family history should influence this decision. 

Dr. Taytor: The time of -meipiency is 
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when the physician must be most alert in 
recognizing and treating whatever disease may 
be the cause of hypertension. There is no ex- 
cuse for allowing anyone to go for years with 
recurrent ‘‘cystitis’” until irremediable renal 
disease results in severe hypertension. ‘‘Princi- 
piis obsta; sero medicina paratur.”’ 

A Puysictan: Dr. Page, do you always 
consider the possibility of coarctation of the 
aorta? How do you exclude it? 

Dr. Pace: The diagnosis of coarctation of 
the aorta will rarely be missed if the femoral 
and pedal arteries are palpated at physical 
examination. Measurement of femoral blood 
pressure is desirable but this requires special 
cuffs for the sphygmomanometer. Even if the 
diagnosis were missed in the physical examina- 
tion it should be picked up in the x-ray film 
by discovering notching of the ribs and absence 
or smallness of the aortic knob. 

Before we get far afield in this discussion, 
we should consider whether this patient really 
has essential hypertension or not. The history 
is in its favor. Physical examination shows the 
arterioles in the eyegrounds to be sclerosed and 
constricted; there is arteriovenous compression 
and a few scattered hemorrhages are seen as 
well. But there is no papilledema; nor are there 
exudates, retinal edema or showers of hemor- 
rhages, which are some of the findings which 
go to make the diagnosis of malignant hyper- 
tension. These fundus photographs will help 
you visualize the disturbance (fig. 1). 

The episodes of transient weakness, aphasia, 
severe nuchal headache which the patient 
described, point to cerebrovascular disease. The 
shadow of the heart is enlarged on the x-ray 
film and the electrocardiogram shows both left 
ventricular preponderance and the strain 
pattern. Since the patient has already had 
bouts suggestive of cardiac failure, these 
observations fit in wiih what might be ex- 
pected. Renal function was moderately reduced 
as shown by the reduced ability to concentrate 
urine. We use the Addis concentration test at 
the Clinic, which as you may know, has a 
lower limit of normal of 1.024 to 1.026. The 
best this patient could do was 1.018. The 
estimate of renal blood flow from the para- 


aminohippurate (PAH) plasma _ clearance 


showed 640 ml. per minute. There were 
demonstrated also cylindruria (100,000 casts), 
proteinuria, hematuria (2,100,000 red ealls in 
12 hour urine specimen). Dr. Corcoran always 
gives us new ideas about renal function, even 
after all these years. 

Dr. Corcoran: That’s harder to do every 
day. I have the impression that every tenth 
medical graduate is given a bottle of p:ra- 
aminohippurate, a trained dog or patient, ‘wo 
catheters (one venous, one urethral) and a 
corner in the laboratory along with his diploma. 

As concerns this man, he demonstrates w hat 
Dr. Taylor and I speak of as the cerebrorcnal 
polarity of hypertensive disease; this is a high- 
flown way of saying that most people with 
advanced cerebrovascular disease have good 
kidneys, and that most with highly nephro- 
sclerotic kidneys retain their brains. 

Of course this man does have active neplhiro- 
sclerosis, as is indicated by the sediment count; 
but the advantage to him of his relatively good 
renal function is that, in general, those who 
retain such function retain also the capacity to 
respond to appropriate hypotensive regimes in 
greater degree and for longer periods than those 
in whom advanced renal disease imposes what 
may be secondary and relatively irremediable 
hypertensive mechanisms. 

A Puysicran: From a practical standpoint, 
Dr. Page, could we get enough information 
about renal function from determination of the 
blood urea or the blood urea nitrogen? 

Dr. Page: I think not. Retention of urinary 
excretory products is a late manifestation of 
renal disease. It is the progress of the vascular 
disease in the kidneys that we wish to follow 
and this can only be done with the more 
discrete tests of kidney function. 

The participation of adrenal cortical function 
in hypertension is still most controversial. The 
problem arises first from George Crile’s 
concepts of adrenal function as expressed in 
his books on anoci-association and on man as 
an adaptative mechanism. Later some of us 
found that adrenal cortical function is essential 
to the maintenance of renal hypertension in 
dogs and Selye produced hypertension by 
giving desoxycorticosterone to uninephrecto- 
mized, salt-fed rats. Selye then developed the 
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concept that hypertension is a disease of arresting hypertensive disease and of lowering 
ad.ptation, in which adrenal dysfunction is an arterial pressure. But many are not convinced 


FUNDUS PICTURES IN VASCULAR DISEASE 
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Fic. 1. Examples of the various stages of hypertension as reflected in the eyegrounds 


ess: utial mechanism. Still more recently, Green that adrenal mechanisms participate in the 
firs’ and then others seem to have shown that genesis of hypertension except in Cushing’s 
bilateral adrenalectomy may be a means of syndrome and consider most of the work done 
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in this field as an example of recondite pharma- 
cology and most of the hypotheses as thinner 
than air. Dr. Harriet Dustan has done some 
work in this field and I would like to know her 
views on this healthy dichotomy of opinion. 
Dr. Dustran: I don’t know the answer. I 
doubt that anyone knows enough to be as 
sategorical as most are. What we have found 
is that some people with hypertension do 
show increased outputs of formaldehydogenic 
corticoid. That is the fact. The rest is opinion. 
We think this is due to an abnormality in the 
mode of corticoid excretion possibly consequent 
to renal damage and not a result of hyper- 
corticoidism. Of course, desoxycorticosterone 
hypertension is a factor too, and so is the 
hypertension in Cushing’s syndrome; the 
opposition to Selye’s concept of ‘‘mineralo- 
corticoid secretion”? on the basis that no such 
corticosteroid could be demonstrated is having 
a hard time these past weeks with Simpson 
and Tais’ demonstration of such a material in 
cortical extract and adrenal venous blood. The 
problem is still vexed by its methodology; 
obviously, a sufficient hypocorticoidism should 
remit hypertension in most instances, clinical 
or experimental; our scant clinical experience 
with adrenalectomy indicates this; but it also 
demonstrates that the operation is hardly 
worthwhile in the presence of advanced renal 
disease, and, in my view, hardly justifiable 
except as a last resort. Consequently, it will 


not have a place in the treatment of hyper- 
tension unless and until adrenogenic non- 


Cushing’s hypertensions can somehow be 
segregated from the essential hypertensions. 

Dr. Pace: I am going to assume, and I trust 
in this clinic with complete justification, that 
all the proper examinations have been made to 
rule out the ascertainable causes of hyper- 
tension, such as coarctation and pheochromo- 
cytoma. Never forget that the obvious is the 
easy thing to miss—and that must be obvious 
too. 

A Puysician: Dr. Page, do you routinely do 
a screening test for pheochromocytoma? I 
understand such hypertension may masquerade 
almost precisely as essential hypertension. 
Inasmuch as it can be cured by operation in 


most instances, is it not wise always to do such 
a test? 

Dr. Pace: Yes, indeed, we screen all 
patients for pheochromocytoma. 

We can, therefore, make the diagnosis of 
severe essential hypertension in the patient 
who is being discussed, but what are we tv do 
about it? Not more than 15 years ago there 
just wasn’t much you could do abou’ it. 
Today I am convinced that a lot can be cone, 
but it takes a lot of doing by both patient and 
physician to accomplish a substantial beefit 
to the patient. 

The first problem is to determine how 
rapidly the vascular disease is advancing: are 
we trying to put out a fire in the wastebasket 
or one in a dry forest in a high wind? Both 
started the same way—a cigarette—but the 
results differ appallingly. 

A Puysician: Dr. Page, before you take up 
treatment, would someone explain the strain 
pattern and its significance in hypertension? 

Dr. Pace: Dr. Taylor, you don’t speak in 
public too harshly of the electrocardiogram, so 
will you answer the question? 

Dr. Taytor: The strain pattern, which 
consists of left axis deviation plus inversion of 
the T waves and depression of the S-T seg- 
ments, is probably in fact due to strain since it 
occurs so characteristically in the presence of 
arterial hypertension, regardless of its mecha- 
nism. Further, it is the electrocardiographic 
change which is so often reverted toward or to 
normal when arterial pressure is reduced. 

Dr. Pace: The simplest way to determine 
rate of progress is to select several reasonably 
objective criteria such as heart size, renal blood 
flow, examination of the eyegrounds, and to 
repeat the observation over periods of months, 
or at intervals determined by the rate at which 
vascular disease seems to be progressing. In a 
word, drastic disease justifies drastic treatment. 
Now having decided that this man has a fairly 
rapidly progressive severe essential hyper- 
tension, what are we to do for him? Obviously, 
the simpler measures such as rest and sedatives 
alone would be insufficient, although I believe 
more firmly than ever that some reorganiz: tion 
of the patient’s life and a sound education in 
the nature of the disease is the beginning of 
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tment of all chronic diseases. It is ignorance 
..t breeds fear and fear augments the hyper- 
sion. Unfortunately, from my point of 
iw, there are those who believe the less the 
ient knows the better. 
\ careful explanation of hypertension, and 
Lat the patient may expect, is in my ex- 
perience never resented and usually deeply 
appreciated. I have felt strongly enough about 
it .o write a small manual for the patient, not 
the physician, so that he may refresh his 
memory from time to time on the things most 
physicians would like him to know. To lose 
the benefit of this educational process is to 


would more than justify almost any of the 
current treatments. 

Our patient is required by his work to do 
much traveling and for that reason only a 
very easily prepared, drastic low-salt diet 
would be of any use. The rice diet is the 
simplest and from the gastronomic pointgof 
view the one most awful to contemplate. 
Whether he is willing to live on such restricted 
fare only time will tell. I think it fair to say 
that few physicians are able to prescribe the 
diet with the confidence and enthusiasm of its 
originator, and much is lost in this failure. On 
the other hand, most of us do not believe in it 


Fic. 2. The electrocardiogram shows left ventricular preponderance and the strain pattern RS-T de- 
pressed in leads I, aVz and V;. T inverted in I, II, aVz and V; 


lose one of the most reliable methods of 


lowering arterial pressure. 

But education and the abolition of fear do 
not suffice. We must, therefore, consider diet, 
the ganglion blocking agents, hydrazino- 
phthalazine (Apresoline), thiocyanate and 
nitroprusside, and finally sympathectomy. 
There is much talk regarding methods of 
selection of patients for each of these treat- 
ments. It is constantly stressed that patients 
should be selected “properly.” Indeed, they 
should, but how? Despite the long list of 
sugested tests none of them have proved 
va’. able in selection of patients for treatment. 
It s a great pity that this is so, because 


ral: ng the successful outcome from an average 
of “0 to 30 per cent to 90 to 100 per cent 


that much either. If the patient lived at home, 
I am sure I would want him on a varied diet 
containing not more than 200 mg. of sodium 
as determined by the urinary excretion of 
sodium. This would be especially desirable if 
heart failure were impending, as it is in this 
patient. It would, then, seem best to request 
the company for which he works to transfer 
him from a travelling to an office job so that 
he could follow a diet which can be constructed 
with the aid of one of the new manuals, such 
as that issued by the American Heart Associa- 
tion, which allows enough variety to insure 
the patient’s remaining on it for many months 
and perhaps years. The proper training in the 
use of diets is difficult: it is just as well that 
this is so, thus preventing automatically much 
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of the damage that careless dieting can 
engender. A change in a life long pattern is a 
big step in a patient’s life. Remember that it 
might be your own. 

A Puysician: I am a bit confused about low 
sodium diets. Some physicians seem to feel 
that restriction of sodium to 500 mg. a day is 
as useful as restriction of sodium in the diet to 
200 mg. a day. The 500 mg. diet is of course a 
good deal easier for the patient. 

Dr. Pace: While the 500 mg. sodium diet 
is much easier to prepare, our results show that 
the more rigid restriction is necessary if the 
most in blood pressure lowering is to be gotten 
out of the diet. With any low salt diet it must 
be recognized that the limits of error with 
many patients are great, so that a 500 mg. 
diet may mean anything from 300 to 1000 mg. 
Low-salt diets are in most cases an ordeal and 
if they are to be used, should be employed to 
achieve the greatest benefit. The patient, his 
wife, and the physician have to work at it! 
For those of you who feel the urge to prescribe 
low-salt diets lightly, I suggest you try the 
prescription yourself first. 

A Puysictan: Are the diets you speak of 
really practical? 

Dr. Pace: Yes and no. Most of the “low- 
salt’? diets aren’t low-salt at all, hence they 
merely impose hardship and no advantages 
accrue from their use. The American Heart 
Association will shortly issue a low-salt cook- 
book which is practical and excellent. Thurman 
Rice has written a good one on the same 
subject. Salt-poor meats as well as bread, fish, 
and other foods are now on the market, so that 
things are becoming much simpler. Sodium- 
free condiments add much to the palatability 
of these diets. 

The salt substitutes are always controversial. 
At the Clinic we offer them but find most 
patients prefer to do without them. Un- 
fortunately, the best of the lot from the point 
of view of taste were those containing lithium 
chloride. 

A PuysiciAn: Would you mention some of 
the salt substitutes which may be used without 
getting into trouble such as that which occurred 
from the use of lithium chloride? 

Dr. Pace: I believe Neocurtesal, Cosal and 


Diasal are the most popular. As you wisely 
point out, lithium caused us lots of trouble 
and it took us some time to find out why soine 
of our patients on low salt diets were jot 
doing well. It was an interesting experieiice 
but left me with a healthy respect for nature’s 
way of doing business and for the need of 
penetrating studies before a drug or fi 
substitute is sold. 

Dr. Corcoran: Don’t you think the urin 
sodium should be measured at vary 
intervals? Not more than two or three ou‘ 
10 outpatients are able to keep their wu 
sodium constantly below the desired lit 
and sometimes not from any fault of thei 
own. Of course most patients at some time or 
another fool themselves as well as the doctor, 
Who could have thought a patient would vet 
enough sodium from toothpaste or from 
chocolate bars to put her well above the 200 
mg. sodium limit? 

Dr. Dustan: You haven’t mentioned the 
dangers of these diets. There are some, you 
know! Extreme depletion of sodium, with 
weakness, nausea, vomiting and complete 
circulatory collapse, may occur, especially in 
hot weather, or after a large mercury-induced 
diuresis. The patient should be warned of it. 
It often takes longer to replace the sodium 
than one would think. A day or two may be 
required to restore depleted sodium to normal. 

Dr. Pace: Unfortunately, time is moving 
on. The next problem I want to discuss briefly 
is the ganglion blocking agents such as tetra- 
ethylammonium chloride (TEAC) _hexa- 
methonium and Pendiomid. TEAC has been 
largely dropped in the treatment of hyper- 
tension because its action is much too transient. 
But it is still actively studied in the labora- 
tory because of its unusual and fascinating 
properties. 

Hexamethonium (Bistrium-Squibb) is a drug 
which has been introduced and quite ex- 
tensively studied by English physiologists and 
clinicians, notably Ing and Barlow, along with 
Paton and Zaimis. Dr. Smirk of New Zealand, 
who not too long ago paid us such a delightful 
visit, has been most active in its study. 

Hexamethonium blocks the transmission of 
impulses through both sympathetic and para- 
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svn pathetic ganglia, but not completely. It is 
by no means a “total nervous blockade.” 
Th se impulses which adjust the caliber of 
yes-els when the patient stands up are com- 
ple: oly blocked. Thus, orthostatic hypotension 
is the most outstanding action of the drug. 
Sinve both sympathetic and parasympathetic 
ganvlia are paralyzed, a variety of side effects 
result, such as stuffy nose, dry mouth, dilated 
pupils, inability to empty the bladder, and 
other symptoms. By far the most disturbing 
are the gastrointestinal upsets which more 
often than not follow both oral and parenteral 
injection. These may end in a disabling 
paralytic ileus unless promptly recognized. 

Dr. Corcoran: I think it should be stressed 
at this point that both orthostatic hypo- 
tension and the gastrointestinal effects are 
dangerous. The patient must be very carefully 
instructed in order to avoid serious accidents. 

Dr. TayLor: This has not been sufficiently 
appreciated by most physicians. A barrage of 
premature newspaper and magazine publicity, 
aided and abetted by some physicians, has 
misled both public and physicians into believing 
that at last we have the answer and that it is a 
simple one. 

Dr. Pace: I liked what one magazine 
called the drug—‘‘Dangerous Hex.” The pre- 
mature and immoderate publicity given this 
drug has led many to believe that hexa- 
methonium is a_simply-administered, _life- 
saving drug. In the first place, taken by 
mouth, its absorption is very irregular and the 
drug itself may cause even more irregularity. 
Not only may gastrointestinal complaints be 
very severe but, unless carefully controlled, 
the constitutional effects often become a 
threat to life. The usual initial dose is 125 mg. 
four times a day before meals. This is to be 
increased slowly until a total dosage of 3 to 4 
Gm. per day is reached. We have seen so much 
difficulty from the oral use of hexamethonium 
that our enthusiasm for its use is small. 

Some idea of how much the patient is 
rece!ving is gained by giving the drug paren- 
tera'ly. I think that a patient, intelligent and 
und: standing wife is a prerequisite to suc- 
cessi il use of parenteral hexamethonium. She 
mus! take blood pressure readings regularly 


and constantly adjust the dose according to 
need. 

The development of tolerance is a very 
serious handicap. We have many patients in 
our clinic who become almost completely 
refractory to the drug after several months, 
with return of arterial pressure to the pre- 
treatment levels. A few days without the drug 
usually restores responsiveness but the dosage 
must again be adjusted. There are many 
patients who simply do not respond to hexa- 
methonium with a fall in average pressure. 
This is a point which seems to be widely 
forgotten, if it was ever known. 

Bladder symptoms, constipation, and other 
effects are often distressing. We use Urecholine 
(5 to 10 mg. four times a day) or Myastenol 
(2.5 to 5 mg. three times a day) to aid in their 
correction. 

Since hexamethonium is largely excreted by 
filtration through the kidneys, reduced renal 
function is another indication for great care in 
its use. 

It is hardly any secret that we have viewed 
the widespread use of this drug, even under 
carefully controlled circumstance, with some 
dismay. Certainly it, along with other drugs, is 
useful in the treatment of emergencies of 
hypertensive patients but how much of a place 
it will have in day to day treatment I am not 
so certain as others. It is a pity that in this 
country the results of weeks or at most months 
of study have been published as though they 
were adequate evidence on which to evaluate 
the drug. 

A Puysictan: Would you give more of the 
details of your method of treatment with 
hexamethonium administered parenterally? 
What is the beginning dosage? How rapidly 
does one increase the amount? How often each 
day should it be given? Do you consider that 
in general the use of hexamethonium is the 
best method of treatment of hypertension? 

Dr. Pace: We think it better not to give 
any hard and fast rules for the dosage of 
hexamethonium. When it is to be started 
parenterally, enough is given by infusion to 
reduce the supine pressure to the desired 
level. This is the starting dose given usually 
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every 12 hours. It may have to be raised 
rapidly. 

The drug is given two to three times daily 
by subcutaneous injection or orally three to 
four times. It is a dangerous drug if only for 
the orthostatic hypotension it produces. The 
amount required varies over a period of weeks 
and months so that constant readjustment is 
necessary if a really satisfactory supine blood 
pressure level is to be achieved. I have noticed 
that many practitioners are using such small 
amounts that no side effects occur, nor is there 
any really significant fall in arterial pressure. 

We are currently investigating another 
blocking agent, Pendiomid. So far our results 
suggest that it has only slightly less marked 
parasympathetic side effects while lowering 
arterial pressure. Like hexamethonium, when 
taken carelessly, it can produce dangerous 
collapse. 

Summing up, then, I believe the ganglion 
blocking agents to be of great theoretic 
interest and of some practical value in treat- 
ment. But these drugs are dangerous and 
unusually difficult to regulate. After more 
than two years study we are not convinced 
that the long term results will compare 
favorably with those obtained by careful 
treatment with the drug in the first few 
months. Therefore a current belief that hexa- 
methonium is alone a practical treatment of 
hypertension in the majority of hypertensive 
patients seems an exaggeration. There are 
many other aspects of the blocking agents that 
are of interest but our time is running out. 
The second drug to be considered is hydrazino- 
phthalazine, or Apresoline. Perhaps Dr. Taylor 
will discuss its use. 

Dr. Taytor: There is increasing evidence 
that Apresoline blocks one of the pressor 
mechanisms believed to participate in many 
patients with essential hypertension. Further, 
since 60 per cent of our hypertensive patients 
respond at least somewhat favorably, we feel 
that most patients with advancing vascular 
disease and hypertension should have a trial 
with this drug. We define an adequate trial as 
a period of at least eight weeks during which 
the patient receives 200 mg. four times a day. 
To minimize the unpleasant side reactions, 


which are transiently present in 70 per cent of 
patients, dosage is increased slowly from 25 
mg. four times a day to the higher levels. [he 
patient’s distress can be made more tolerable 
by reassurance that symptoms are usually not 
permanent. Antihistaminic drugs, analgesics 
and sedatives also are helpful. 

Among patients with evidence of hyver- 
tensive or arteriosclerotic heart disease, re- 
striction of dietary sodium, digitalis and 
gradual reduction of blood pressure _ will 
guard against congestive failure and coronary 
insufficiency. 

A Puysician: Dr. Taylor, would you «ive 
me some more specific information about the 
use of antihistaminic drugs, analgesics and 


sedatives? There seems to be a general fecling 


that Apresoline cannot be taken by a sub- 
stantial proportion of patients. 

Dr. Taytor: We use Benadryl in 25 to 50 
mg. amounts, or Pyribenzamine in 50 mg. 
doses, with each dose of Apresoline. When 
fever, joint pains and muscle aches occur, 
aspirin (0.6 to 1.0 Gm.) is given with the 
Apresoline. Phenobarbital 32 to 50 mg. seems 
to modify favorably the gastrointestinal symp- 
toms. What you mean by a “substantial 
number” not being able to take Apresoline 
depends on the criteria selected for intolerance. 
Seventy per cent of those who take the drug 
have some side reactions but less than 10 per 
cent find them intolerable. Another 10 per cent 
continue to have mild symptoms but not 
severe enough to prevent continuing treatment. 
The 30 per cent of patients who have no 
symptoms and the remainder who become 
adjusted to the drugs hardly constitutes a 
“substantial proportion” of 
cannot tolerate Apresoline. 

A Puysictan: Dr. Taylor, you have not 
said anything about the use of the veratrum 
preparations, such as Veriloid and_ proto- 
veratrine, nor have you mentioned potassium 
sulfocyanate. Would you give us your opinion 
about these preparations? 

Dr. Taytor: There is much evidence from 
our laboratory that veratrum alkaloids elicit 
hypotension by a mechanism somewhat siniilar 
to that of Apresoline. Unfortunately, the 
nausea producing and therapeutic doses aie so 


patients who 
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clos: that it is only in the exceptional patient 
that significant, long lasting reduction of 
arterial pressure is achieved. In our series of 
several hundred patients, only three could take 
the lrug in amounts sufficient to lower average 
blood pressure and not induce vomiting. The 
long term results also have not been especially 
encouraging. Our experience with proto- 
ver: trine is that the results do not differ 
erer tly from those of Veriloid itself. 

A PuysictANn: Dr. Page, would you give us 
your opinion about the use of thiocyanate, and 
sodium nitroprusside. I believe you introduced 
the latter drug several years ago. 

Dr. Pace: As I have pointed out many 
times, thiocyanate often is a sovereign drug 
for treatment of intractable hypertensive head- 
aches. Treatment may be started with an 
initial intravenous dose of 1.5 Gm. of the 
sodium salt and then the blood level kept at 
from 3 to 5 mg. by oral thiocyanate when 
headache alone is being treated. If the hypo- 
tensive effect is also desired then the level in 
the blood should be raised to 8 to 12 mg. per 
100 ml. It is essential that the amount in the 
blood be measured at regular intervals if the 
drug is to be used. Guessing the blood level is 
courting disaster! 

Sodium nitroprusside is slowly converted in 
the blood to thiocyanate, hence the dosage can 
be followed by blood thiocyanate determina- 
tions. For the best results, we try to attain 
levels of 12 to 15 mg. per 100 ml. For acute 
episodes of encephalopathy, or great rises in 
arterial pressure, it may be given by intra- 
venous drip, the amount given depending on 
the level of pressure desired. It is given orally 
in capsules (30 mg. four times a day) and in 
some patients average arterial pressure is 
reduced when other drugs have failed. It is 
another drug which requires much more study 
and chemical modification to determine if it 
can or cannot be improved. 

Aud lastly, lumbodorsal sympathectomy 
should be considered. Though it is an old 
trex'ment relative to the rush and trouble of 
mocern research, it has been used for only 
som 20 years. Some of you remember the 
bitt: rness with which most of this early work 
Was greeted. Some of it was bad work, but not 


all of it. I think we should not forget the 
part played by the team of Alfred Adson, now 
deceased, and Edgar Allen. They were the 
pioneers and shared their early meager knowl- 
edge freely with the rest of us. While we no 
longer do many sympathectomies at the 
Clinic, still my opinion is that the operation is 
often very valuable. Dr. Corcoran, who has 
been so long associated with this work, has 
held some strong views on sympathectomy and 
will be glad, I am sure, to present them to you. 
Incidentally, I should point out that his 
measurements of renal blood flow before and 
after sympathectomy were the first to be done, 
and showed that renal ischemia was _ not 
relieved by the operation. Even when, for one 
reason or another, a pre-existing ischemia was 
abolished, there was no obligatory fall in 
blood pressure. 

Dr. Corcoran: Those few measurements 
indicated that lumbodorsal sympathectomy 
did not necessarily increase renal blood flow or 
relieve “renal ischemia.”” Many measurements 
have confirmed this. However, one should not 
overlook the occasional patient in whom 


sympathectomy has greatly relieved hyper- 
tension, remitted the progress of nephrosclero- 
sis and resulted in decreased renal vascular 
resistance. 


As you suggested earlier, Dr. Page, the 
problem is basically one of selection. When 
once we find a means of detecting the 10 per 
cent who will respond dramatically and 
persistently to the operation, it will be a great 
day for patients and surgeons alike. Until 
then, both are bound to meet disappointments; 
surgeons are congenital optimists, so they are 
the less affected; the internists see the disap- 
pointing results. 

As a generalization then, until such means 
are found, the operation can only be justified 
in very special situations, largely because with 
diet, Apresoline and methonium we have 
available means of treatment which are less 
expensive, less traumatic, more certain. There 
is also the possibility that other still better 
nonsurgical procedures will come out of the 
laboratories into the clinies. 

Your and Dr. MeCubbin’s proposed mode of 
selection for sympathectomy by demonstration 
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of repetitive deep depressor responses to 
tetraethylammonium chloride has _ unfortu- 
nately never been adequately tested. I wish 
someone would do that. But, as I suggest, with 
the means now available for the relief of 
hypertension, I doubt that we would be 
justified in advising sympathectomy for this 
reason alone. 

A Puysictan: Dr. Page, one of the most 
difficult decisions concerns the type of treat- 
ment one will use when a patient with hyper- 
tension comes under his care. Do you have any 
ideas about the kind of patients whose blood 
pressure will respond most satisfactorily to a 
specific medication or do you have to determine 
the response by trial? I think it would help 
those of us who have not had the great ex- 
perience that you and your associates have had 
in the treatment of hypertension if you would 
outline your plans of treatment for the patient 
whose case history was presented earlier in this 
conference. 

Dr. Pace: You have touched on one of the 
most important problems in the field of 
hypertension. I know of no method short of 


trial to select those patients who will respond 
to a particular treatment. Think what it would 
mean if a 95 per cent success was achieved 
after proper selection for sympathectomy. This 
is one of the more important practical reasons 
why the various mechanisms of this clinical 
mosaic need be understood. 


The best we can now do is to determine the 
rate at which vascular disease is advancing 


and then decide whether a more or less drastic 
regimen is to be recommended. In the partic:ilar 
patient presented this morning, we would 
first put him on a low-salt diet, then xive 
Apresoline. If he failed to respond to the 
latter, hexamethonium would be tried and 
lastly, sympathectomy. 

I think you will all realize that both from 
the diagnostic and the therapeutic viewpoint, 
advances have been made in the past decade. 
The old nihilistic approach has given way toa 
wave of optimism, and, I am glad to say, 
investigation of high order. But there is still 
much to be done, and we had all best get on 
with it by less talk and more work. 
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The Management of Congestive Heart Failure 


By Herrman L. Buumaart, M.D. 


yO CONTROL edema of congestive 
failure effectively, treatment must be 
directed at correction of the basic 
fundamental derangements. Modern investi- 
gators, using improved technics, including 
cardiac catheterization, have shown conclu- 
sively that the central fault in congestive 
heart failure lies in the heart.!: * Myocardial 
weakness, manifested by inadequate myo- 
cardial contractility, initiates the train of 
events of congestive failure. Within wide limits 
the right and left ventricles are able to receive 
increased amounts of blood during diastolic 
filling and to expel the increased amounts into 
the pulmonic and systemic circuits. With the 
inception of heart failure, the ventricle fails to 
empty adequately during systole. This failure 
to empty adequately is “forward failure.”’ The 
residual blood in the ventricle at the conclusion 
of systole hinders diastolic filling. The blood 
accumulates in the auricles, in the pulmonic 
and systemic veins and in the lungs. This back- 
ward accumulation is “backward failure.” 
Thus, the failure of the ventricles to empty 
adequately leads simultaneously to both ‘‘for- 
ward failure” and ‘“‘backward failure.” 


GENERAL MEASURES 


Tie edema of congestive failure can be 
affecied favorably by the following: rest, 
digitalis, diuretics, salt balance, water regula- 
tion, sedation and removal of edema fluid by 
paracentesis. 
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Rest continues to be a fundamentally im- 
portant therapeutic principle in the treatment 
of congestive failure. Attention to emotional 
as well as physical factors in attainment of 
rest is essential. The degree of therapeutic 
gain obtained through rest is proportional to 
the reduction of bodily activity. Usually the 
maximum benefit is derived from complete 
bed rest in semirecumbent or sitting position 
with occasional use of a commode at the bed- 
side. The metabolic requirements of the body 
are reduced. The work of the heart is lessened. 
The ventricular rate is lowered. The pulse 
deficit may be markedly diminished. Cardiac 
efficiency is increased. Through this measure 
alone dyspnea and cyanosis are favorably af- 
fected, and at times marked diuresis occurs. 
This diuresis is physiologic; isotonicity of body 
fluids is maintained without preponderant loss 
of cations or anions. 

Digitalis is the most important drug in the 
management of congestive failure for it tends 
to correct the fundamental weakness of cardiac 
contraction which gives rise, for example, to 
edema and dyspnea. The vigor of cardiac 
systole is increased, dilatation of the heart is 
lessened, the work output in terms of oxygen 
consumption, that is, ‘cardiac efficiency,’’ is 
heightened. 

Many satisfactory preparations are now 
available. Qualitatively, the action of the 
various digitalis glycosides and the margin 
between the therapeutic and toxic ranges of 
doses are similar. The physician is well advised 
to select one or two preparations and through 
continued use, to become thoroughly familiar 
with their pharmacologic characteristics under 
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varied circumstances in many patients. A 


long-acting preparation, a short-acting prepara- 
tion and one that is suitable for emergency 
intravenous use are required. 

Digitoxin is generally regarded as the long- 
acting drug of choice.’ Standardization is more 
accurate and potency more uniform than that 
of digitalis folia. Gastric irritation is less, ab- 
sorption is more complete and rapid, and the 
cost to the patient is only very slightly more 
than that of the leaf. When given by mouth, 
the action of digitoxin is usually discernible 
within 30 minutes; the maximum effect is 
achieved within six to eight hours. The thera- 
peutic-toxic ratio is approximately that of 
digitalis folia. The lessened gastric irritation of 
digitoxin has led to renewed interest in at- 
tempts at single dose digitalization and, at 
times, inadvertent administration of larger 
doses with resultant increase of cardiac and 
other major manifestations of digitalis toxicity. 
Digitoxin is available in 0.05 mg., 0.1 mg., 
0.15 mg. and 0.2 mg. tablets which are roughly 
equivalent to 0.05 Gm., 0.1 Gm., 0.15 Gm. and 
0.2 Gm. of whole leaf digitalis; a ratio of 
1 to 1000. 

The average “‘digitalizing’ dose for the 
hypothetical patient of 70 kilos (154 pounds) 
is 1.2 mg. of digitoxin. Those patients, how- 
ever, who require less than this amount, will 
experience serious toxicity from this dose. 
Some require two or even three times the 
average dose to secure the therapeutic effects. 
For most patients determination of the proper 
dose of digitalis, in whatever form it is used, 
must be in accordance with the classic dictum 
of Withering: “ ... let it be continued until it 
either acts on the kidneys, the stomach, the 
pulse, or the bowels; let it be stopped upon the 
first appearance of any one of these effects.” 
In actual practice, aversion to food is usually 
the signal to be heeded, making unnecessary 
the more serious and distressing manifestations 
of digitalis intoxication. The risk of over- 
digitalization must, under certain circum- 
stances be taken although occasional instances 
have been reported in which the first sign of 
overdigitalization was serious or even fatal 
toxicity. 


In a patient who has not had any digitalis 
preparation for 10 days and who is not in 
emergency status, administration of 0.4 mg, 
as an initial dose is recommended. Subsequent 
doses of 0.2 te 0.4 mg. may be given at 4 to 12 
hour intervals depending on the urgency of the 
situation, the body weight of the patient and 
the therapeutic response. If the patient shows 
auricular fibrillation, quite precise guides are 
afforded by the pulse deficit and the ventric ilar 
rate. Following digitalization, the mainten:.nce 
dose must be determined. Some patients require 
0.1 mg. daily, others as much as 0.3 mg. Thora- 
peutic response is gauged by improvemen: in 
clinical signs and symptoms, particularly di- 
uresis, lessening of venous distention, of dysp- 
nea, cyanosis, and lowered heart rate. In 
occasional instances, observation of the chavrac- 
teristic electrocardiographic changes due to (ig- 
italis may be additional evidence of partial 
digitalization. 

In emergency situations, where rapid digi- 
talization is indicated, and, particularly if one 
is not certain of the exact prior digitalization 
of the patient, a short acting preparation such 
as lanatoside C, or Digoxin or ouabain is 
indicated. Lanatoside C in a dose of 0.8 mg. 
may be given intravenously followed by 0.4 
mg. every two to six hours for two or three 
doses until the maximum therapeutic effect is 
achieved. The average total dosage is approxi- 
mately 1.4 mg. Its duration of action is ap- 
proximately 12 to 36 hours. Similarly, Digoxin 
may be given in an initial dose of 0.5 mg. 
followed by 0.25 mg. every hour. The average 
total dose is approximately 1.5 mg. 

In general, intramuscular administration is 
not advisable. Absorption in the presence of 
congestive failure is uncertain; local irritation 
may ensue. Except in emergency situations, 
oral administration of digitoxin satisfies the 
requirements. 

Sedation is usually accomplished by using 
Meperidine, one of the barbiturates, or chloral 
hydrate. The sodium salts of the barbiturates 
and of other drugs should not be used in pa- 
tients on low salt intake. Morphine or its 
equivalents generally should be avoided be- 
cause of its depressant effect on respiration 
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and the cough reflex, except in certain con- 
diticas such as pulmonary edema. In the 
pressnee of marked pulmonary emphysema 
its use is dangerous. 

0. ygen Therapy by mask, tent or nasal 
catheter is advantageous. The choice of the 
met!od of administration will be influenced 
grea'ly by availability and by the reaction of 
the patient. Some patients manifest increased 
dyspnea, restlessness, and hyperventilation 
with a mask. In patients with pulmonary 
emphysema and with marked cyanosis, oxygen 
in high concentrations such as 90 per cent 
may remove the anoxic stimulus to respiration 
and thereby induce respiratory depression, 
coma or even death.° 

Diuretics, Salt and Water Balances. Con- 
sideration must now be given to our treatment 
of the edema itself. Arrangements are made to 
estimate the degree to which the patient will 
lose his edema in response to therapy. The 
simplest and most accurate measure is de- 
termination of his weight after urination and 
before breakfast each morning. This daily 
weight should be charted. Fluid intake and 
urinary output measurements are desirable but 
not essential. In the presence of congestion, 
susceptibility to pulmonary and other infec- 
tions is increased. Procaine penicillin may be 
given prophylactically intramuscularly at 12 
or 24 hour intervals in doses of 300,000 units. 

Although a full discussion of the pathogenesis 
of edema is not feasible in this place, certain 
cardinal facts must be borne in mind. As previ- 
ously stated, inadequate forward flow and back- 
ward accumulation with its increased venous 
distention and pressure predispose to accumula- 
tion of water and electrolytes in all the tissues 
of the body. The effects of these abnormal 
hemodynamics are particularly important on 
the kidneys; the renal factor in congestive 
failure is of decisive importance. When the 
output of blood to the tissues is reduced, the 
amount delivered to the kidney is lowered dis- 
proportionately to that of the rest of the 
body.'* Stasis occurs also in the veins of the 
kidneys. The amount of the glomerular filtrate 
is markedly reduced. As this reduced amount 
of glomerular filtrate descends to the tubules, 


a greater than normal reabsorption of fixed 
base, such as sodium, and of water back into 
the blood stream, occurs. 

The lowered glomerular filtration and in- 
creased tubular reabsorption are of cardinal 
importance in the pathogenesis of congestive 
failure and demand therapeutic correction. 
Digitalis promotes increased blood flow and 
glomerular filtration; diuretics lessen tubular 
reabsorption. 

A lowered salt intake is prescribed. Initially, 
particularly if the patient is obese or well 
nourished, a simple dietary regimen of four to 
six glasses of milk, that is, 1000 to 1500 ce. of 
milk daily may be employed. Approximately 
1000 to 1500 calories and from 500 to 750 mg. 
of sodium are thus administered. A more 
limited sodium intake of 200 to 500 mg. is 
not infrequently necessary. Diets low in salt 
and containing more adequate calories and 
vitamins and other essentials may be prescribed 
according to the individual needs of the patient 
by utilizing the diets made available in the 
American Heart Association’s “Recipes for a 
Low Salt Diet.’”’ More liberal amounts of 
sodium chloride, up to 2 to 3 Gm., occasionally 
may be permissible in order to maintain 
nutrition, particularly if malnutrition and 
hypoproteinuria are present. Supplementary 
vitamins and increase in dietary protein are 
frequently advisable. 

Water, sufficient to keep the patient com- 
fortable, is permitted on the regimen of re- 
stricted salt intake. Usually up to 2000 or 
3000 cc. of water is allowed; marked restriction 
is unnecessary and undesirable; large amounts 
of 6 or more liters, as have occasionally been 
advocated, probably accomplish little and en- 
tail certain risks. 

Diuretics. The mercurial diuretics are usually 
essential in the control of edema. The xanthine 
diuretics are relatively weak and only occa- 
sionally useful by mouth as adjuncts in pro- 
longing the interval between injection. The 
calcium rather than the sodium salts should 
be used for this purpose. One of the mercurial 
preparations containing mercury organically 
bound with theophylline in a dose of 2 ce. 
should be given deeply intramuscularly. Ad- 
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ministration early in the morning is advisable 
in order to obtain diuresis predominantly 
during the day. If the reaction of the patient 
is unknown, an initial dose of 0.5 or 1 ce. 
should be given. In patients with poor absorp- 
tion in edematous areas, the use of mercap- 
tomerin (Thiomerin) which can be injected 
into the deltoid, is desirable. This drug may 
be used subcutaneously and is attended by less 
pain and can be self administered by the patient 
regularly if necessary. Prior preparation of the 
patient over one or more days by the daily 
administration of 3 to 4 Gm. of enteric coated 
but absorbable ammonium chloride enhances 
the effects of the mercury diuretics. In some 
patients the frequency of injections can be 
reduced by administering ammonium chloride 
intermittently, that is, three or four days in 
succession each week. Overdosage induces 
gastrointestinal symptoms and chloride re- 
tention with acidosis.” 

Some patients exhibit sensitivity or idio- 
syncracy to the mercurial diuretics. Pruritis, 
skin rashes, stomatitis, metallic taste, gastro- 
intestinal disturbances, prolonged local pain 
and induration at the site of injection may be 
encountered. These untoward reactions are 
frequently obviated by shifting to a different 
preparation and to smaller doses. The anti- 
histaminic drugs are at times effective in 
ameliorating the skin manifestations. British 
anti-Lewisite (BAL) may be used in the treat- 
ment of the toxic manifestations but should 
not be used simultaneously with the mercurials 
since it blocks the renal tubular diuretic action. 


MANAGEMENT OF THE CLINICAL COURSE 


Let us, at this point, return to our patient 
and assume that he has been comfortably 
settled in bed or in a chair, depending on his 
comfort. If our physical examination reveals 
dyspnea and respiratory embarrassment due 
to pleural effusion or ascites, paracentesis is 
indicated with the use of liberal amounts of 
procaine and a 16 or 18 gage needle. If the 
patient is seriously ill, if the venous pressure 
as indicated by venous engorgement of the 
cervical and other veins is high, if cyanosis is 
prominent and the hemoglobin normal or ele- 
vated, phlebotomy of 250 to 500 cc. may be 


indicated. Phlebotomy may occasionally be 
contraindicated in a patient with cor pulmonale 
and secondary compensatory polycythemia 

The use of a commode or bathroom privileges 
is permitted if the patient is equal to the 
effort. After the inauguration of rest, digit: lis, 
diuretics, diet, sedation, and oxygen therapy, 
as indicated by the initial appraisal of the 
patient’s condition, the therapeutic regi) en 
will be modified, adjusted, or amplified to 
meet the needs of the individual patient. 

The chief guide in fashioning the optin.um 
regimen is the response of clinical evidences of 
congestive failure to treatment; the duily 
weight and urinary output are of partic ilar 
importance. Vital capacity determinations tay 
be helpfui in patients suffering primarily from 
pulmonary congestion. If massive edemii is 
present, a daily loss of body weight of 2 to 4 
pounds (1 to 2 Kg.) is preferable to inordinately 
large diureses of body fluid. Particularly in 
elderly males, large diuresis may lead to acute 
distention of the bladder and urinary reten- 
tion. Sudden loss of large volumes of edema 
fluid may be attended by loss of considerable 
fixed base including sodium, potassium and 
calcium." Muscle cramps, marked weakness, 
nausea, vomiting may only add to the patient’s 
woes. Predisposition to pulmonary infarction 
has also been reported under such circum- 
stances. If the discomfort is considerable and 
is clearly due to inordinate diuresis, the admin- 
istration of 1 to 2 Gm. of sodium chloride by 
mouth is to be considered or parenterally if 
nausea is present. In occasional patients who 
experience nausea after mercurial diuretics, 
orange juice or potassium chloride or citrate 
by mouth in doses of 1 to 2 Gm. administered 
during the 24 hours after injection may be 
helpful. 

In most cases, the administration of 1 or 2 
ec. of the mercurial diuretic producing a loss 
of 3 to 4 pounds should be given every other 
day for two to four doses, with one of the 
acidifying salts, in addition, if necessary. When 
all signs of edema have disappeared and the 
weight reaches a resistant level, the “dry 
weight” of the patient has been attained. The 
interval between doses may then be length- 
ened by one or two days if not more than 2 
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pouids are regained in the next 48 hours. 
Every effort should be made to maintain the 
patient at about his dry weight. During long 
tern: care of chronically ill patients, the dry 
weivht may slowly and gradually lessen due to 
cachexia; unrecognized extracellular fluid may 
accumulate. Therefore, the true dry weight 
should be re-evaluated every several months. 
The amount of reaccumulation should not ex- 
ceed that which can be removed by a single 
administration of 1 or 2 ec. of a mercurial 
diuretic. In the course of time, liberalization of 
the diet is often feasible without increasing the 
frequency of mercurials. The use of salt sub- 
stitutes enhances the palatability of the diet to 
some patients. Other condiments without so- 
dium, such as pepper, paprika, mustard leaves, 
vinegar, cinnamon, garlic are permissable and 
very helpful. 

It is important not to administer a mercurial 
diuretic in the presence of active nephritis. 
This may at times be difficult to determine, 
particularly since albuminuria, casts, white 
cells and red cells in the sediment, and azotemia 
with the nonprotein nitrogen as high as 70 or 
8) mg. per 100 cc. occurs in congestive failure 
in the absence of significant intrinsic renal 
disease. When the nonprotein nitrogen blood 
level reaches 60 or 70 mg. per 100 cc. the 
possibility of intrinsic renal disease must be 
seriously considered. The specific gravity of 
the urine may be a helpful guide. A high 
specific gravity favors congestive failure while 
a low specific gravity of 1.012 or less in the 
presence of oliguria raises the suspicion of sig- 
nificant renal pathology. Occasionally, it is 
impossible to rule out the presence of significant 
underlying nephritis. Under such circumstances 
small doses of a mercurial diuretic such as 0.5 
cc. muy be given and the effects noted on urine 
output during the ensuing 12 hours as well as 
on the body weight the next morning. It must 
be remembered that in the absence of a thera- 
peuti’ response to mercurial diuretics in pa- 
tient. with congestive failure, toxic accumula- 
tion '- prone to occur. The use of the xanthines 
as a iuretic is also to be considered under such 
circuastances, that is, 0.5 or 1 Gm. of amino- 
phyline by mouth or by suppository. The 
calei'm salt (Theocalcin) 0.5 Gm. four doses 


daily may be better tolerated and more ef- 
fective in some patients. In comparison with 
the mercurial diuretics, the xanthine diuretics 
are less potent and more irregular in action. 

The use of mercurial diuretics by mouth to 
maintain dry weight has been rather exten- 
sively studied and is advocated by some. The 
results are gratifying in some patients, reduce 
the frequency of parenteral injections or permit 
somewhat more liberal sodium intake with 
more nutritious diet. But even in those patients 
who tolerate such regimens satisfactorily for 
many weeks, the appearance of gastrointestinal 
symptoms—nausea, vomiting, abdominal 
cramps—of renal irritation and, occasionally, 
of serious mercury poisoning and renal damage 
have prevented widespread adoption of this 
method of therapy. Mercurial preparations by 
mouth should be given on an intermittent 
schedule such as three, four, five days a week 
or three weeks in each month to avoid accumu- 
lation of mercury. They should not be used if 
intrinsic renal disease is present. New prepara- 
tions are available but their value has not been 
thoroughly appraised as yet. 

In general, our objective is to maintain the 
patient at “dry weight” on as comfortable a 
regimen of diet, diuretics, and daily activity as 
possible. The daily weight is the guiding point 
of reference. To rely on recrudescence of 
dyspnea or edema of the legs or right upper 
quadrant distress is analogous to treating a 
diabetic with insulin only when he becomes 
acidotic or shows marked glycosuria. Patients 
may gain more than 5 or 10 pounds of edema 
fluid before edema of the legs or rales in the 
lungs become manifest. To determine the 
optimal regimen for a particular patient re- 
quires skill in balancing the various measures 
according to his individual needs. Thus, a more 
liberal diet or increased activity may be re- 
quired by some patients with more frequent 
injections of diuretics or with reinforcement by 
the acidifying salts such as ammonium chloride. 
The use of enteric coated 1 Gm. tablets facili- 
tates tolerance of higher, more effective doses 
such as 6 Gm. daily; 3 to 4 Gm. are, however, 
generally sufficient. 

During the past few years, the use of cation 
exchange resins has received considerable study. 
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This ingenious therapy in usual dosage elim- 
inates 2 to 4 Gm. of sodium daily via the 
gastrointestinal tract and consequently permits 
less frequent injections of diuretics. Enthusi- 
asm for this therapeutic adjunct is waning, 
however. The percentage of sodium removed 
at higher levels of sodium intake is less than 
at lower levels. The resins cannot be relied 
upon to permit a free use of salt. The prepara- 
tions are unpalatable for many patients and 
occasion gastrointestinal distress. Of more 
serious moment is the difficulty of maintenance 
of a satisfactory regimen without occasionally 
encountering serious electrolyte disturbances 
of calcium, potassium, and sodium. If cation 
exchange resins are employed, the renal func- 
tion of the patient should be appraised, and, 
if depressed, the resins should be used, if at 
all, only with greatest caution. In general, 
reliance on low salt regimens with salt substi- 
tutes and, when necessary, more frequent in- 
jections of mercurial diuretics, are preferable. 

Recently the carbonic anhydrase inhibitor 
type of pharmaceutical has been made avail- 
able. Experience is as yet too limited to permit 
accurate evaluation. 


Acute Lerr VENTRICULAR FAILURE 


Acute Pulmonary Edema. This medical 
emergency occurs most commonly in patients 
with hypertensive heart disease. It may also 
occur during or after operation, particularly 
if saline infusions or blood transfusions have 


been administered rapidly or in a large quan- 
tity. Postoperative studies of the dynamics of 
the circulation in cardiac patients by Alt- 
schule and Gilligan? have shown that if 
physiologic saline or 5 per cent glucose in 
saline are given at rates below 15 cc. per 
minute, abnormally great or prolonged rises 


in venous pressure and marked increase in 
cardiac output or blood volume are avoided. 
Aside from their immediate effects, intravenous 
infusions that are repeated too often over a 
period of several days, favor the development 
of peripheral and pulmonary edema and cardiac 
pain. Paroxysmal dyspnea and cough may 
progress rapidly to frank pulmonary edema 
with intense cyanosis, struggling respiration, 


bubbling rhonchi and rales with the expectora- 
tion of pink, frothy sputum. 

The patient should be placed in Fowler's 
position or allowed to sit in a chair, where he 
will frequently be more comfortable than in 
bed. If the patient is struggling and exciied, 
morphine sulphate, 15 or 30 mg. given hy po- 
dermically, may be life-saving. If the patient 
has progressed to stupor, morphine should jot 
be given. If the patient is seen earlier in the 
attack and the situation is urgent, morph ne, 
10 to 30 mg. intravenously, may be indicated. 
Aminophylline by slow intravenous inject on 
of 0.25 to 0.5 Gm. may be effective in reduc ng 
bronchial spasm. 

If the patient has not received a digitalis 
preparation for 10 days, lanatoside C may be 
given in doses of 0.6 to 0.8 mg. intravenously, 
followed by 0.4 mg. at hourly intervals until a 
favorable response is elicited. Ouabain or 
Digoxin is preferred by some clinicians for 
rapid digitalization. 

Oxygen therapy is urgently indicated. It 
should be given by means of an oxygen mask, 
metered for positive pressure if available (meter 
mask). A volume flow of 8 to 10 liters a minute 
achieves an oxygen concentration of 40 to 60 
per cent. If a tent is utilized, a flow of 10 to 
12 liters per minute of oxygen is necessary to 
attain a concentration of 50 to 60 per cent. If 
these methods are not available, a_ nasal 
‘atheter, or if the patient tolerates the pro- 
cedure, double nasal catheters should be em- 
ployed. The use of ethyl alcohol introduced in 
the oxygen line to reduce surface tension of 
frothy pulmonary transudate has been proposed 
by Luisada'® and favorable results have been 
reported. 

With marked peripheral venous engorge- 
ment, the rather rapid removal of 500 cc. of 
blood should be performed. ‘Bloodless phle- 
botomy” likewise may be effective under such 
circumstances. Tourniquets, preferably blood 
pressure cuffs, should be applied to all four 
extremities. Three of these cuffs are inflated at 
a time to a pressure slightly lower than the 
patient’s diastolic pressure. Pressures below 
diastolic at levels of 20 to 30 mm. Hg may be 
used if the higher pressures occasion discom(ort. 
The amount of blood trapped in the lim)s is 
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presumably somewhat less at the lower pres- 
sures. Release of each cuff is done in rotation 
every 15 minutes to permit re-establishment 
of «lequate blood flow. 

Administration of a mercurial diuretic is 
frecuently a valuable adjunct and, in the 
absence of contraindications, should be admin- 
istered intramuscularly or subcutaneously 
shortly after the measures above described 
have been initiated. 


Tue REFRACTORY STATE 


Occasionally we are confronted by the pa- 
tient whose congestive failure stubbornly resists 
our usual therapeutic measures. The program 
of treatment must be carefully reviewed.!° 
Before accepting the possibility of true re- 
fractoriness due to inherent, irremedial cardiac 
weakness we must ask ourselves the following 
questions. 


1. ls the Refractory State Due to Specific 
Etiologic Conditions which Can Be Corrected? 


Certain conditions increase the requirements 
of the body for blood. Hyperthyroidism, 
anemia, pregnancy, beribert, arteriovenous aneu- 
rysms, and certain congenital malformations 
such as patent ductus arteriosus may be re- 
sponsible for refractory congestive failure be- 
cause they impose additional work on the 
heart. Treatment of such underlying conditions 
may remove the extra demand on the heart 
permitting the normal needs of the body to be 
met more adequately. Cardiac arrhythmias 
may reduce the efficiency of the heart. 

Tamponade from pericardial effusion or 
constrictive pericarditis may have been over- 
looked. 

Hipoproteinemia not infrequently —predis- 
poses to edema in cardiac patients who have 
been anorexic and on a low sodium diet or who 
have ‘oncomitant hepatic or renal disease. 

In'vreurrent infections have an adverse effect 
on the myocardium. Rheumatic fever, pulmo- 
nary and other infections must be borne in 
min’. The possibility of subacute or acute 
bactcrial endocarditis particularly must be 
consi jered, 


The beneficial use of the veratrum drugs to 


lower hypertension in some patients with con- 
gestive failure has been reported. 

Pulmonary embolism and infarction may oc- 
casionally be responsible for refractoriness. In 
the presence of thrombophlebitis the use of 
heparin and dicumarol is indicated. The high 
incidence of pulmonary embolism in bedridden 
congestive failure patients has led some 
physicians to employ anticoagulant therapy in 
all such patients, provided, of course, no spe- 
cific contraindications are present and ade- 
quate laboratory facilities are at hand. 

In some patients, particularly those with 
acute pulmonary edema, the possibility of 
painless acute myocardial infarction must be 
considered. 


2. Have We Obtained the Full Benefits of Com- 
plete Digitalization? 


Underdigitalization may control the cardiac 
rate at rest, but may not prevent a dispropor- 
tionate rise on effort. Assurance of complete 
digitalization is imperative in refractory cases. 
Therefore, digitalization to the point of tox- 
icity, if necessary, must occasionally be under- 
taken despite the discomfort and risks entailed. 
Even slight increases in dosage such as an 
additional 0.1 mg. of digitoxin every other day 
or 0.05 mg. daily may at times achieve distinct 
improvement. Gitalin has been reported as a 
particularly effective preparation in refractory 
congestive failure by Hejtmancik and Herr- 
mann.* The usual digitalization dosage is 6 to 
7 mg., the maintenance dose 0.5 to 1 mg. 
Finally, it must be remembered that over- 
digitalization, particularly if many  extra- 
systoles are induced, may also contribute to 
the refractory state. 


3. Can More Adequate Rest Be Provided? 


The judicious use of mild sedation during 
the day and obtaining restful nights for the 
patient are essential. The use of a cardiac bed 
permitting the equivalent of the sitting posi- 
tion, or providing a large chair suitably sup- 
ported by pillows, 6 or 9 inch head blocks for 
the bed, use of the commode rather than bed- 
pan or bathroom may promote improvement. 
Use of elastic stockings to decrease the dis- 
comfort of swelling and to prevent thrombo- 
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phlebitis is to be considered. The alleviation of 
anxiety, the elimination of disturbing visitors, 
and pleasant nursing care may enhance the 
patient’s recovery. 


4. Have We Restricted Sodium Sufficitently? 


Congestion and edema of the lungs, ab- 
dominal viscera and extremities are consequent 
to increased retention of sodium by the kidneys. 
A more rigid dietary restriction of sodium 
should be attempted. The Karrell diet of 800 
or 1000 ec. of milk provides 400 to 500 mg. of 
sodium daily and is, therefore, unsatisfactory 
for refractory or severely decompensated 
patients. 

A diet containing 50 to 100 mg. of sodium 
daily but furnishing adequate potassium, 
chloride, protein and total calories may be 
used as a temporary expedient. The diet con- 
sists of 2000 cc. of Lonalac formula mixed 
well into an even suspension, flavored with 
vanilla and kept chilled; 400 cc. of this are 
given five times daily. Orange juice, 250 cc., 
is given twice daily. Such restriction is seldom 
needed for more than one week. 

The use of cation-exchange resins to inter- 
fere with sodium absorption has received much 
study and has been discussed previously. The 
use of resins in refractory cases is not advised 
unless facilities for frequent measurements, at 
least weekly, of serum potassium, sodium and 
calcium are available. When low sodium diets, 
and diuretics are no longer effective, cation- 
exchange resins are worthy of trial. Ideal 
dosages of the resins have not been deter- 
mined, but 15 Gm. three times daily with 
meals are usually administered to patients on 
a daily intake of 1 to 4 Gm. of sodium chloride. 
For most refractory patients, the use of low 
salt diets with or without the use of salt sub- 
stitutes is safer and preferable. 


5. Has the Maximum Benefit Been Obtained 
from Diuretics? 


If the edema of congestive failure is re- 
fractory to diuretics, several possibilities should 
be considered. The absorption of the mercurial 
diuretic after injection into edematous areas 
may be unsatisfactory. The use of a less ir- 
ritating diuretic such as Thiomerin into the 


arms or anterior thigh may be indicated. Prep- 
aration of the patient by use of one of the 
acidifying salts such as ammonium chlorite, 
or the use of aminophylline by mouth or 
rectally, beginning a day prior and continu ng 
on the day of injection may potentiate ‘he 
effect of the mercurial diuretic. The use of 
xanthine diuretics or of urea by themselve- js 
only occasionally of value under such circum- 
stances. Insistence on bed rest 12 hours prior, 
and 18 hours after mercurial diuretics may in- 
crease the urinary output. 

Occasionally the situation is of such urge) cy 
or the patient is sufficiently refractory to usual 
measures to warrant intravenous administ;a- 


tion of diuretics which, however, on very rare 


occasions, causes death. If indicated, dilution 
of the mercurial diuretics to a volume of 20 
ec. and slow administration over a period of 
10 minutes should be practiced. The opinion 
has been expressed that the use of organic 
mercurials, such as mercaptomerin (Thio- 
merin), which do not contain theophylline, 
are attended with less risk of sudden death 
and are, therefore, preferable for intravenous 
use. 


6. Is the Refractory State Due to the Low Salt 
Syndrome or Other Electrolyte Imbalance? 


The low salt syndrome or other electrolyte 
imbalance should be suspected when the uri- 
nary volume is depressed, is not increased by 
diuretics, and the patient experiences one or 
more of the following symptoms: weakness, 
drowsiness, headache, loss of appetite, thirst, 
nausea, vomiting, giddiness or syncope, muscle 
or abdominal cramps, gain in weight, and in- 
creased heart rate.*: * Cardiac psychosis may 
be a cardinal consequence and may be al- 
leviated by therapy. Urinary volume is usually 
depressed three to five days prior to the onset 
of the symptoms and is associated with gain 
in weight and increased heart rate. These mani- 
festations may be due to an undue loss of 
chlorides, of sodium, of potassium, calcium, and 
magnesium, or, under certain conditions such 
as after the administration of ammonium 
chloride, to retention of chloride and resu!'ant 
acidosis with or without the loss of (ixed 
base.*: ®. "3 When refractoriness to mercirial 
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divretics develops, further use should not be 
attempted, therefore, until possible electrolyte 
dis!urbances have been corrected and careful 
ey: uation of the clinical state, including the 
kid veys, has been made. 

ihe low salt syndrome is characterized by re- 
duced values of serum sodium, chloride and 
ealon dioxide. The nonprotein nitrogen or 
blood urea nitrogen is elevated. The normal 
values of approximately 140 mEq. of sodium, 
100 mEq. of chloride and 25 mEq. of carbon 
dioxide (50 to 60 volumes per cent) may be 
decidedly lowered to levels such as 125 mEq,., 
85 mEq. and 14 mKq. (30 volumes per cent), 
respectively. This syndrome may be due to 
the concomitant presence of salt losing nephritis 
or to oft repeated injections of mercurial 
diuretics, particularly if salt intake has been 
restricted, the cation exchange resins have 
been employed, or perspiration has been ex- 
cessive. Injection of mercurial diuretics in the 
presence of the low salt syndrome can lead to 
mercurial renal poisoning with fatal results. 
The body fluids are hypotonic because of the 
preponderant excretion of salt consequent to 
the salt losing nephritis or to the prior mercurial 
diuresis. In advanced cases the prognosis is 
grave and shock is present. Treatment consists 
in the immediate replacement of salt by slow 
intravenous injection of 5 per cent hypertonic 
solution; normal saline would merely increase 
the edema without substantially relieving the 
hypotonicity of body fluids or the reduced 
serum electrolyte concentrations. The amount 
of salt administered in this manner should be 
calculated from the serum values after deter- 
mining the magnitude of the existing deficit. 
The water content of the body, including intra- 
cellular and extracellular fluid, is assumed to 
be 70 per cent of the body weight. If the 
serum sodium level is reduced 10 mEq. in a 
patient of 75 kilograms, the sodium deficit 
wou'd be 525 mEq. One hundred cubic centi- 
meters of 5 per cent saline contains 86 mEq. 
of sium and therefore approximately 600 ce. 
woud be theoretically necessary. Approxi- 
mat: ly one half of the calculated deficit may 
be » ministered the first day. Caution must be 
exer ised; excessive or rapid increase in extra- 
celli'ar fluid volume may precipitate or in- 


crease pulmonary congestion. Patients fre- 
quently show restoration of satisfactory serum 
values and recovery of responsiveness to 
diuretics after administration of less than the 
full calculated amounts of salt. This is not 
surprising for calculations are based on total 
body water or 70 per cent of body weight. The 
extracellular compartment comprising inter- 
stitial fluid and plasma constitutes 20 per cent 
of body weight. Because of frequently associ- 
ated potassium deficit, potassium citrate or 
chloride may be given in daily doses of 2.6 
Gm. orally. 

The low chloride syndrome, that is, hypo- 
chloremic alkalosis is usually consequent to 
mercurial diuresis. As previously stated, mer- 
curial diuresis is accomplished by decreased 
renal tubular reabsorption of chloride, sodium, 
and potassium with resultant loss of these 
ions into the urine and consequent increase in 
urinary volume. Usually, a greater loss of 
chloride than of sodium occurs.*: > This results 
in hypochloremic alkalosis. When the plasma 
chloride falls from the normal of about 100 
mEq. to 85 mEq., or less, per liter, tubular 
reabsorption of practically all the chloride oc- 
curs, diuresis is inhibited, and mercurial di- 
uretics are ineffective. Low food intake and 
loss of chloride by vomiting may be important 
contributory factors. The presence of hypo- 
chloremic alkalosis with low serum chloride 
concentration is proven by demonstrating the 
lowered serum chloride concentration and the 
reciprocal high serum carbon dioxide combin- 
ing power; the sodium serum concentration also 
is frequently reduced but may be normal. This 
condition can be corrected by the administra- 
tion of ammonium chloride. Doses of 2.0 to 
4.0 Gm. daily are usually well tolerated when 
given with meals; larger doses occasionally are 
necessary. The use of enteric coated tablets 
prevents nausea and vomiting, but, because of 
uncertainty of absorption, should whenever 
possible be replaced by uncoated tablets in 
treatment of this condition. If oral administra- 
tion is not feasible, intravenous injection of 
not more than 200 cc. of a two per cent solution 
at a rate of 5 to 10 cc. per minute may be 
given. 

The low sodium syndrome, that is, hypona- 





136 CLINICAL PROGRESS 


tremic acidosis, the converse of the low chloride 
syndrome, likewise may prevent satisfactory 
diuresis. This occurs particularly in patients 
with renal disease and is encountered with un- 
necessary frequency because of the vogue of low 
sodium diets and vigorous mercurial diuretic 
therapy. Normally, anions can be excreted as 
ammonium salts. With renal impairment am- 
monia is not available; fixed base, particularly 
Nat, must be used. Depletion of body sodium 
and, occasionally, of other fixed bases such as 
potassium and calcium occur. The clinical 
symptoms and signs of the low salt syndrome, 
the low urinary volume, the refractoriness to 
diuretics, and the presence of renal disease 
suggest the presence of the low sodium syn- 
drome. The diagnosis is confirmed by finding a 
decrease in the serum sodium from the normal 
value of approximately 140 mEq. to 125 mEq. 
or less per liter. The blood carbon dioxide com- 
bining power is generally below 30 volumes 
per cent. The serum chloride is also frequently 
reduced but may be relatively elevated if am- 
monium chloride has been administered. Treat- 
ment consists in the intravenous administra- 
tion of sodium bicarbonate, one sixth molar 
sodium lactate solution, or, at times, sodium 
chloride, to repair the chloride as well as the 
sodium deficiency. If sodium chloride is given 
intravenously, a 5 per cent solution is employed 
as previously described in an amount calculated 
from the serum electrolyte figures to restore 
the deficit. With restoration to normal values, 
adequate renal function and responsiveness to 
mercurial diuretics occur, provided irrevers- 
ibility has not been induced. 

Hypopotassemia and depletion of tissue potas- 
sium also may occur with or without hypona- 
tremia. The symptoms of both conditions are 
similar. Hypokalemia may also occur with 
hypochloremia. The diagnosis is confirmed by 
finding the plasma potassium concentration 
reduced below the normal of 4 to 5 mEq. per 
liter or observing characteristic electrocardio- 
graphic changes. Therapeutic responsiveness 
to mercurial diuretics may be improved by the 
administration of 2 to 3 Gm. of potassium 
chloride or potassium citrate four times daily. 

Severe hyperchloremic acidosis may be caused 
by the administration of ammonium chloride 


to patients with congestive failure and _ne- 
phritis whose renal capacity to excrete a 
markedly acid urine is impaired." Loss of 
fixed base as well as marked acidosis may re- 
sult from the administration of 6 to 8 Gm. of 
ammonium chloride for seven or more days. 
This syndrome differs from the low salt syn- 
drome in which acidosis is not observed and in 
which the serum chloride concentration is low 
rather than elevated. Patients with ammonium 
chloride acidosis may manifest lassitude or 
stupor, dyspnea of the Kussmaul type, very 
high blood chloride levels, low carbon dioxide 
combining power and marked azotemia. The 
administration of sodium bicarbonate or one- 
sixth molar sodium lactate solution intra- 
venously is indicated. In the congestive failure 
patients reported by Sleisenger and Freed- 
berg,'® all of whom had intrinsic renal disease 
or impaired renal function, rapid improvement 
followed the omission of ammonium chloride, 
and the administration of 3 liters of one-sixth 
molar sodium lactate solution daily for one to 
three days or the use of sodium bicarbonate 
orally with, at times, intravenously adminis- 
tered 5 per cent glucose solutions. Frequent 
determinations of the serum carbon dioxide 
combining power, chlorides and nonprotein 
nitrogen are indicated as guides to the amount 
to be used and the frequency of administration. 


7. Is the Refractory State Due to Nutritional 
Deficiency? 


Anorexia, particularly on a limited dietary 
regimen, may lead to various deficiencies. 
Beriberi heart disease may insidiously de- 
velop and be responsible for refractoriness. 
Thiamin administration may initiate improve- 
ment. Other vitamin deficiencies may be 
induced by loss of water-soluble vitamins 
during diuresis. Similarly low protein content 
of the diet, loss of protein in the urine or in 
chest and abdominal fluids, and the hepatic 


dysfunction intrinsic in congestive failure may 
lead to hypoproteinemia. This may be exag- 
gerated by the hypervolemia which further 
reduces the protein concentration. The use of 
serum albumin, protein hydrolysates low in 
sodium, plasma or blood is indicated but 
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usually the results are disappointing; preven- 
tion is of far greater importance. 


8. Are Mechanical, Surgical or Other Measures 
Indicated? 


Thoracentesis and abdominal paracentesis 
may at times greatly enhance diuresis and 
hasten convalescence. Large quantities of sub- 
cutaneous edema may be drained by inserting 
Southey tubes or 14 gage needles into the 
subcutaneous tissues above the ankle. After a 
few minutes the needles may be removed. 
Loose dressings may be applied to soak up the 
edema fluid or it may be permitted to drain 
freely into a receptacle. Procaine penicillin 
300,000 units should be injected intramuscu- 
larly once or twice daily to prevent infection. 
When repeated drainage of large amounts of 
edema fluid is practiced, the concomitant loss 
of protein should be borne in mind. Less fre- 
quent removal or increasing the dietary protein 
intake may be indicated. 

The present day surgical approach of com- 
missurotomy in advanced mitral stenosis offers 
certain suitable patients striking relief. Lower- 
ing of the metabolic rate and hence the body 
requirements for blood by depressing thyroid 
function by the use of radioactive iodine may 
induce improvement in some patients. Favor- 
able results have been reported by Jaffee'® 
Wolferth and associates” and the author and 
his associates. 


CONCLUSION 

This discussion of congestive failure differs 
from that of the previous decade in several 
important respects. It has become generally 
acknowledged that the reduction of sodium 
chloride to 2 Gm. per 24 hours is inadequate 
in many patients and that diets containing 200 
mg. or less of sodium are practical. The old 
Karrell diet of 200 ec. of milk four or five times 
per day contains about 800 to 1000 mg. of 
sodium chloride and is not the best diet for the 
severe forms of congestive failure over pro- 
longed periods of time. 

In the years of fluid restriction without salt 
restriction, patients were miserable from thirst. 
It is now recognized that with proper restric- 
tion of salt the patient may be permitted 
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enough water to ensure comfort. Although 
some have advocated forcing fluids to levels 
as high as 5000 and 6000 cc. per day, the value 
of such a regimen is doubtful. 

The modern regimen of salt restriction and 
mercurial diuretics has resulted in improved 
management of congestive heart failure, les- 
sened disability, and greater longevity. But 
the use of a powerful tool such as marked 
sodium restriction also has introduced dangers. 
Sodium depletion and other electrolyte im- 
balance, particularly in patients with renal 
disease who are placed on a rigidly restricted 
sodium intake, has led to the development of 
weakness, anuria, and azotemia, which, when 
unrecognized, has resulted in fatalities. The 
use of mercurial diuretic agents in such pa- 
tients has heightened the incidence of such 
reactions. In other patients with renal impair- 
ment, mercurial diuresis has resulted in a dis- 
proportionate loss of chloride with hypo- 
chloremic alkalosis. These untoward complica- 
tions may, however, be avoided by awareness 
of their occurrence, early diagnosis and im- 
mediate correction of the electrolyte imbalance. 
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BLOOD COAGULATION 


Svihla, A., Bowman, H., and Ritenour, R.: Rela- 
tion of Prothrombin to the Prolongation of Clotting 
Time in Aestivating Ground Squirrels. Science 
115: 306 (March 21), 1952. 

Ground squirrels were found to have a change in 
blood clotting time when these mammals were in 
the dormant state during either estivation or hiber- 
nation. Using a modified Quick method, the pro- 
thrombin content in the blood of dormant squirrels 
was found to be significantly reduced. The clotting 
time for active animals with undiluted blood was 
19.5 seconds as compared to 23.3 seconds in the 
dormant animals. With progressive dilution of the 
blood, the differences became more significant, so 
that at 10 per cent dilution the clotting time was 
76.5 seconds in the active animals as compared 
with 174.1 seconds in the dormant. A decrease in 
the amount of prothrombin during dormancy allevi- 
ates the danger of thrombus formation due to the 
slower rate of circulation. 

WAIFE 


McDevitt, E., Huebner, R. D., and Wright, I. S.: 
Ineffectiveness of Heparin by Sublingual Ad- 
ministration. J.A.M.A. 148: 1123 (March 29), 
1952. 

Heparin was administered sublingually 29 times 
to 15 persons. Nine different lots of heparin from 
four pharmaceutical companies were studied. It 
was not possible to confirm the findings of Litwins 
and associates regarding the effectiveness of the 
sublingual administration of heparin preparations 
now available. The authors found that in some 
instances the clotting times were slightly shortened 
and in others slightly prolonged, but the prolonga- 





tion of clotting time in any case was not sufficient 
to be of therapeutic significance. 
KITCcHELL 


CONGENITAL ANOMALIES 


Benchimol, A. B., and Fraga Filho, C 
Ventricle. O Hospital (March), 1952. 
The authors report a case of ‘cor triloculare 

biatrium,” with autopsy confirmation. The unusual 
feature of this case was a long survival with absence 
of heart failure to the age of 25, when cardiac de- 
compensation occurred in the seventh month of 
pregnancy. There was no cyanosis at rest, and there 
were typical signs of mitral stenosis which led to 
the incorrect diagnosis of this valvular lesion, such 
as occurred in the case described by Paul White 
and associates. 


-: Single 


SCHLESINGER 


Gibson, S., and Lewis, K. C.: Congenital Heart 
Disease following Maternal Rubella during Preg- 
nancy. Am. J. Dis. Child. 83: 317 (March), 1952. 
The authors reviewed the records of 1366 private 

patients and found a history of maternal rubella in 
17, or approximately 1 per cent. Of the 17 patients 
whose mothers had measles, 14 were thought to 
have a patent ductus arteriosus. The diagnosis was 
confirmed by operation in 10 of these cases. In 
these 10 patients, four were found to have an addi- 
tional cardiac defect. 

In a review of 140 cases of patent ductus arteriosus 
in otherwise healthy children, only six cases were 
found in which a significant murmur persisted after 
the ductus had been severed (incidence, 4.3 per 
cent). The authors state.that the finding of an addi- 
tional lesion in 4 of 10 cases of proved patent ductus 
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arteriosus following maternal rubella at least sug- 
gests that complicating lesions are much more fre- 
quent in these patients than in otherwise normal 
children. 

MARGOLIES 


Storstein, O., Humerfelt, S., Muller, O., and Ras- 
mussen, H.: Studies in Catheterization of the 
Heart in Cases of Patent Ductus Arteriosus 
Botalli. Acta med. scandinav. 141: 419 (March), 
1952. 

This report is concerned with studies made in 21 
cases of patent ductus arteriosus, 16 of whom were 
operated upon subsequently. A typical machinery 
murmur was present in 18 cases; two patients had 
a loud systolic murmur and a very weak diastolic 
murmur without the typical machinery character; 
and one patient had only a systolic murmur in the 
second and third intercostal space at the left sternal 
border. A systolic murmur of grade II to V intensity 
was present at the apex in 19 patients; and in five 
patients there was a low-pitched short diastolic 
and presystolic murmur at the apex similar to that 
of mitral stenosis. The electrocardiogram was nor- 
mal in 18 cases, two patients had atypical right 
retardation, and one had auricular fibrillation. The 
pressure in the pulmonary artery was found to be 
abnormally high in 7 out of 13 cases, while 9 out of 
15 cases showed an abnormally high pressure in the 
right ventricle. The right auricular pressure was 
normal in all cases. The size of the shunt ranged 
from 1 to 18 L. per minute, or from 19 to 72 per 
cent of the total blood flow through the lungs. A 
rough calculation of the work of the heart in this 
condition is reported to indicate that a patent 
ductus increases the work of the right ventricle by 
70-per cent and that of the left ventricle by 130 per 
cent. When there is considerable pulmonary hyper- 
tension, the work of the right ventricle is even 
greater. 

ROSENBAUM 


Busch, F.: Roentgen Examination in Coarctation of 
the Aorta. Acta Radiol. 37: 216 (March-April), 
1952. 

In six of seven cases of coarctation of the aorta, 
the diagnosis was confirmed by roentgenologic meth- 
ods. In three, planigraphy (tomography) indicated 
the site of stenosis. In one kymography helped. 
Three patients had adequate visualization of the 
site of coarctation by means of conventional angio- 
cardiography. One patient was subjected to the 
passage of a catheter up the cubital artery on the 
left side, but the catheter passed into the carotid 
artery where it was held up and the examination 
was interrupted. The author cites a one per cent 
mortality in the catheter procedure and apparently 
feels that this procedure is not justified. 

SCHWEDEL 


Segers, M., and Brombart, M.: Multiple Indenta- 
tions of the Esophagus in Coarctation of the Aorta. 
Acta Cardiol. 7: 357 (Fase. 3), 1952. 

In a 45 year old man with typical coarctation of 
the aorta, the authors found at fluoroscopy in both 
oblique diameters multiple indentations of the bar- 
ium filled esophagus which could not be related to 
peristaltic waves, since they remained constant in 
size and localization and showed distinct pulsations. 
They had to be ascribed to encroachment upon the 
esophagus by enlarged collateral vessels which are 
typical for the anomaly. Although rare, such a 
finding can be considered to be additional roent- 
genologic evidence of coarctation of the aorta. 

Pick 


CONGESTIVE HEART FAILURE 


Wood, J. E., Jr., Ferguson, D. H., and Lowrance, 
P.: Cation Exchange Resins as an Adjunct in 
Treatment of Heart Failure. J.A.M.A. 148: 820 
(March 8), 1952. 

Resodec has been administered in 50 subjects 
with and without edema for long and short periods. 
No serious uncontrollable toxic effects are noted. 
Hypokalemic effects encountered after the admin- 
istration of an ammonium cation resin do not ap- 
pear to oecur with the ammonium-potassium cation 
resin. The chief hazards associated with administra- 
tion of ammonium-potassium cation resin are the 
low salt syndrome, azotemia, and mild to moderate 
transient acidosis. The outstanding contraindica- 
tion to the use of the resin is impaired renal fune- 
tion. This type of restriction of sodium absorption is 
useful therapeutically in certain patients with obsti- 
nate edema of heart failure, cirrhosis of the liver 
with ascites and edema, and perhaps edema of the 
nephrotic syndrome. 

KITCHELL 


CORONARY ARTERY DISEASE, 
MYOCARDIAL INFARCTION 


Rashkoff, I. A., Schaefer, L. E., Magida, M. G., 
and Levy, H.: Evaluation of Dicumarol Therapy 
in 287 Cases of Acute Myocardial Infarction. 
J. Mt. Sinai Hosp. 18: 350 (March-April), 1952. 
One hundred and forty-two cases of acute myo- 

cardial infarction admitted to one medical service 

of a large general hospital were treated with di- 

cumarol; 145 cases of myocardial infarction ad- 

mitted alternately to the other medical service of 
the same hospital served as a control series. Both 
series included only cases who survived more than 

24 hours. Other than the employment of dicumarol 

in the first group, therapy was generally similar 

in both groups. The two groups were found to be 
comparable as to age and sex, previous myocardial 
infarctions, severity of illness, duration of illness 
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before hospitalization, and the frequency of the 
use of digitalis. The death rate in the dicumarol 
group was 13 per cent; in the control series, 27 
per cent. The incidence of thromboembolic compli- 
vations was 14 per cent in the former group and 26 
per cent in the latter. The dicumarolized patients 
showed a marked decrease in the number of pul- 
monary and cerebral emboli, but phlebitis occurred 
with nearly equal frequency in the two groups. 
Subsequent coronary thrombosis occurred in eight 
of the treated group, and only in five of the control 
group. In only 4 per cent of the dicumarol-treated 
cases was death associated with clinically evident 
thromboembolic complications, in comparison with 
an incidence of 10 per cent in the control group. 
The reduction in mortality in the dicumarol-treated 
group was evident in all the age groups. Eight minor 
hemorrhagic complications were recorded in the 
dicumarol group, and one death which may have 
been due to dicumarol, although there was no ap- 
parent hemorrhage. 
CORTELL 


Morris, J. N., and Heady, J. A.: Coronary Heart 
Disease in Medical Practitioners. Brit. M. J. 
4757: 503 (March), 1952. 

A study was made of clinical coronary heart dis- 
ease diagnosed among over 6000 male medical prac- 
titioners. The average annual incidence of first 
clinical attacks of coronary heart disease (“coronary 
thrombosis’’—acute myocardial infaretion—and an- 
gina, pectoris) in these medical practitioners during 
1947-1950 increased with age, to reach 16.6 per 
1,000 at 60 to 64 years. 

The coronary death rate in 1947-1950 similarly 
rose with age to 7.4 per 1,000 at 60 to 64 years. 

On current experience, the probability that the 
individual practitioner member under 45 years of 
age who has not yet been attacked by it will be 
attacked by clinical coronary heart disease before 
he reaches 65 is about one in five, or 20 per cent. 
The chances that the individual practitioner under 
45 years of age will die of it are about one in four- 
teen, or between 7.1 per cent and 7.5 per cent. 

The outlook for life of men first presenting with 
angina pectoris was very much better than for the 
others. During the five years from the date of onset, 
about 11 per cent of them died; their prognosis for 
life was therefore about the same as in men first 
presenting with “coronary thrombosis” who had 
survived the first month, with its 38 per cent mor- 
tality. 

The incidence of first attacks of coronary heart 
disease in 1947-1950 was twice as high among the 
full-time general-practitioner members aged 40 to 
64 as in the rest. 

Finally, the experience of these medical practi- 
tioners was compared with that of a large miscel- 
laneous group of men in the civil services, in the 


professions, and in industry. The incidence of cor- 
onary heart disease in this nonmedical group was 
well below that of the full-time general practi- 
tioners, and resembled that of the other doctors. 
A comparison with the provisional mortality rates 
from coronary disease among the males of England 
and Wales in 1950 gave similar results. 
BERNSTEIN 


Herndon, R. F., and Smith, H. L.: Unusual Loca- 
tion of Pain in a Patient with Angina Pectoris. 
Proc. Staff Meet. Mayo Clin. 27: 121 (March), 
1952. 

The authors present the case history of a 73 year 
old male whose symptoms and signs were typical 
of those of a patient with coronary sclerosis and 
angina pectoris, except that the pain was solely in 
the right side of the thorax and related to effort, 
big meals, and excitement. This condition in their 
experience is rare, but it is interesting to note that 
this patient had proved cholelithiasis and never 
tried nitroglycerine for relief of the chest symp- 
toms. 

SIMON 


Yater, W. M., Cole, S. L., Sugarman, J. N., Bean, 
W. B., and Read, C. T.: Cerebral Symptoms in 
Cardiac Infarction. Lancet 262: 652 (March), 
1952. 

Usually the first and foremost symptom of cardiac 
infarction is pain; but occasionally this is slight or 
absent, or is rapidly superseded by other symptoms. 
Notable among these are unconsciousness, convul- 
sions, hemiplegia, or other evidence of local brain 
injury. In a large series of cases of cardiac infarction 
in American servicemen under 40 years of age, 
Yater noted unconsciousness in 11 per cent and 
convulsions in 4 per cent; and all the patients with 
convulsions died. In the elderly, cardiac infarction 
may manifest itself in transient or long-continued 
unconsciousness and hemiplegia, and the true diag- 
nosis may then be revealed only by necropsy. The 
neurologic disturbance may be due to ischemia and 
anoxia from fall in blood pressure, associated with 
narrowing of the cerebral arteries. Syncope and 
convulsions may be caused by a slow heart rate 
due to heart block or even extreme sinus brady- 
cardia, and also by auricular fibrillation and flutter, 
and the ventricular and auricular tachycardias. 

Cerebral symptoms starting days or weeks after 
cardiac infarction may be due to an embolus from 
the left ventricle or to arterial disease of the brain. 

BERNSTEIN 


Master, A. M., and Jaffe, H. L.: Factors in the Onset 
of Coronary Occlusion and Coronary Insuff ciency. 
J.A.M.A. 148: 794 (March 8), 1952. 

Activities preceding the onset of symptoms in 

2,080 attacks of acute coronary occlusion and in 
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100- episodes of acute coronary insufficiency were 
studied. These two conditions can be differentiated 
electrocardiographically in 95 per cent of the cases 
because coronary occlusion produces through-and- 
through infarction, and coronary insufficiency causes 
only subendocardial necrosis. It is felt that coronary 
insufficiency is at least as common as coronary 
occlusion. Probably coronary occlusion is a spon- 
taneous event in the course of atherosclerosis, and 
in the series only 2 per cent of the cases were associ- 
ated with unusual effort. Occupation, season, and 
time of day do not influence the incidence. The onset 
was spontaneous in 56 of 100 attacks of coronary 
insufficiency. In the remaining 44 the commonest 
precipitating factors were hemorrhage, pulmonary 
embolism, effort, tachycardia, operation, excitement, 
and meals. Angina pectoris almost always is related 
to effort. Coronary insufficiency is related to effort 
in about half the cases, and coronary occlusion only 
rarely and coincidentally. In considering the dis- 
ability and employability following coronary occlu- 
sion, the writers state that in general the outlook for 
the worker after coronary occlusion is better than 
it was formerly thought. One half to two thirds of 
patients return to gainful employment within one 
year. In coronary insufficiency, the prognosis is 
even better. 
KITCHELL 


ELECTROCARDIOGRAPHY 


Tobien, H. H. A Simple Method for Determination 
of the Main Direction of Frontal Vector Loops. 
Ztschr. Kreislaufforsch. 41: 171 (March), 1952. 
The author presents a table in which the direction 

of the mzan vector in the frontal plane is correlated 
with the contour of standard and unipolar limb leads. 
Using this table, it is possible to determine the direc- 
tion of the vector without measurements of deflec- 
tions in single leads and without geometric construc- 
tions. The principle of the method is similar to that 
used by Grant and implies the fact that the mean 
vector is perpendicular to the axis of that lead which 
shows deflections of equal size in both positive and 
negative directions. The theoretic basis of the 
method is discussed and its practical application 
demonstrated on one example. 

A comparative study of 100 normal electrocardio- 
grams revealed that the direction of the mean frontal 
vector determined by this method was in accord- 
ance with the mean electrical axis of QRS con- 
structed by conventional methods, as well as with 
the type index used by Schlomka. With deviation 
of the electrical axis to the left the angle between 
QRS vector and T vector tended to become larger 
compared with cases with an intermediate axis or 
right axis deviation. 

Pick 


Steinberg, M. F., Kroop, I. G., and Grishman, A.: 
The Value of Intracardiac and Esophageal Leads 
in the Analysis of Complex Arrhythmias. J. Mt. 
Sinai Hosp. 18: 337 (March-April), 1952. 

The authors report six cases of arrhythmias where 
either esophageal or intracardiac leads were usefu! 
in elucidating the mechanism involved because ot 
their ability to demonstrate atrial complexes not 
recorded by the conventional electrocardiograms. 
The first case was that of a patient with chronic 
rheumatic mitral and aortic valvular disease, whose 
conventional electrocardiograms showed periods of 
apparent sinus arrhythmia or sinus arrest, and oc- 
casional premature beats which appeared to be 
ventricular extrasystoles. Intracardiac leads revealed 
atrial premature contractions, either blocked o: 
ollowed by an aberrantly conducted ventricula 
complex. The failure of the conventional leads t: 
record the atrial complexes had resulted in tracing: 
which resembled either sinus arrest or prematuri 
ventricular contractions. The second case was that 
of a man who, in the course of a routine electro- 
cardiogram, was found to have regular sinus rhythm 
with frequent ventricular premature contractions 
and occasional short runs of ventricular tachycardia 
Both esophageal leads at atrial levels and intra 
cardiac leads revealed retrograde atrial excitation 
with suppression of sino-atrial node activity. The 
same patient was later admitted because of paroxys- 
mal tachycardia. 

Esophageal leads showed atrial flutter complexes 
which were not discernible at all in conventional 
leads. The third case again demonstrated retrograde 
atrial complexes and suppression of sino-atrial node 
activity during short runs of ventricular tachycardia 
produced by mechanical stimulation of the inter- 
ventricular septum during cardiac catheterization. 
These retrograde atrial complexes were not visible 
in the conventional electrocardiograms. 

Two patients with arteriosclerotic and hyper- 
tensive heart disease in congestive failure showed 
regular rhythm without discernible atrial activity 
in the conventional electrocardiograms. In one, in- 
tracardiac leads revealed atrial tachycardia, com- 
plete heart block, and idioventricular rhythm; the 
other case was shown to have atrial flutter by means 
of esophageal leads. The sixth case was a man who 
had frequent episodes of palpitations and whose 
standard electrocardiograms showed an almost regu- 
lar rhythm with no definite atrial complexes. Eso- 
phageal leads and intracardiac leads showed atrial 
tachycardia with 2:1 ventricular response, which 
changed to atrial flutter and then fibrillation during 
the course of recording the intracardiac leads. 

CorTELL 


Laham, J., and Barbour, D.: The Electrocardio- 
graphic Diagnosis of Combined Ventricular Strain. 
Arq. brasil. cardiol. 5: 62 (March), 1952. 
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Notwithstanding the difficulties encountered in 
the electrocardiographic diagnosis of combined ven- 
tricular strain, the authors believe that it is possible 
to recognize coexistent right and left ventricular 
hypertrophy when the tracings conform to one of 
the following patterns: 

1. Right axis deviation, with signs of right and 
left ventricular hypertrophy in precordial leads. 
The electrical position of the heart is vertical and 
there is marked clockwise rotation on the longi- 
tudinal axis. 

2. Evidence of left ventricular hypertrophy in a 
vertical heart with marked clockwise rotation. 

3. Signs of left ventricular hypertrophy with 
marked left axis deviation, displacement of the 
transitional zone to the left in precordial leads, 
marked counterclockwise rotation, and backward 
displacement of the cardiac apex. 

In addition to the three major electrocardiographic 
patterns, there are certain tracings in which the 
diagnosis is impossible in the absence of clinical and 
roentgenologic data. The tracings may be normal 
but usually show some signs of left ventricular 
hypertrophy. There is a notable absence of clock- 
wise rotation, and the S wave is persistent in lead 
V;. Most cases correspond to mitroaortic valvular 
heart disease with a prominent aortic lesion. 

SCHLESINGER 


Zao, Z. Z., and Laranja, F. S.: Hexaxial System 
with Circles of Polarity: a Simple Method for 
the Determination of Cardiac Vectors in the 
Frontal Plane. Arq. brasil. cardiol. 5:82 (March), 
1952. 

A practical method is described for the rapid de- 
termination of the approximate direction of any 
cardiac vector, based on the polarity of the standard 
and unipolar limb leads. 

Six concentric circles are drawn, the innermost 
representing lead I and the outermost lead Vy. Each 
circle is divided into a positive and a negative semi- 
circle, of 180 degrees. The center represents the 
origin of any cardiac vector projected on the frontal 
plane of the body. The six axes divide each circle 
into six segments of 30 degrees. There are two 
transitional zones in each circle, representing changes 
from positive to negative polarity. Transitional com- 
plexes (zero potential) are marked at these points. 
In order to determine the direction of any given 
vector, the polarity of the deflection is verified in 
each of the six successive leads and marked on the 
positive or negative semicircle corresponding to 
each lead. The direction of the cardiae vector is ob- 
tained by uniting the center to the respective seg- 
ments of each one of the six concentric circles and 
reading the number of degrees marked on the outer 
circle corresponding to lead Vr. 


SCHLESINGER 


Joos, H. A., Yu, P. N. G., and Katsampes, C. P.: 
QT, Interval in the Diagnosis of Kheumatic Fever. 
Am. J. Dis. Child. 83: 820 (March), 1952. 

In 52 cases of active rheumatic fever, the Q-T. 
interval was significantly prolonged (greater than 
0.424 second) in 84 per cent. ‘Lhe (-T. interval 
was in the doubtful range (0.415 to 0.424 second) 
in 12 per cent. Four per cent of the cases with rheu- 
matic activity had Q-T, values of less than 0.415 
second. There were two cases of acute rheumatic 
pericarditis in which the Q-T, intervals were in 
the low range. As the pericarditis subsided, there 
was an increase in the Q-T interval. There were no 
patients with active rheumatic fever who had a 
Q-T. interval shorter than 0.407 second. 

In 18 children with quiescent rheumatic fever, the 
Q-T, intervals were significantly prolonged in 12 
per cent, doubtful in 19 per cent, and normal in 69 
per cent. The consistent prolongation of the Q-T, 
interval in cases of known active disease makes 
active carditis much more likely in cases in which 
the disease is clinically quiescent and in cases of 
suspected active rheumatic fever, if the Q-T, inter- 

val is significantly lengthened. 

In 70 patients with acute infectious disease, 10 
per cent showed a prolongation of the Q-T, inter- 
val. Most of these cases were acute poliomyelitis. 
Myocarditis is known to occur during acute infec- 
tions of all types, and the electrocardiographic 
changes may therefore simulate those of acute 
rheumatic fever. A prolonged Q-T, might be ex- 
pected to occur in these cases. 

The electrocardiogram is here employed to evalu- 
ate a physiologic property of the myocardium rather 
than its anatomic continuity. The authors stress 
that physiologic measurements are subject to many 
biologic influences, each of which must be understcod 
in order to make the measurement of value in pre- 
diction. The Q-T interval may be shortened by peri- 
carditis, digitalis, and the salicylates. It may be 
prolonged by apprehension or excitement, exercise, 
quinidine, hypertension, cardiac decompensation, 
hypocalcemia, and hypopotassemia. In cardiac ar- 
rythmias the Q-T interval may be variable and 
unpredictable. Therefore, the authors state that 
the Q-T. interval is a sensitive diagnostic aid in 
detecting active carditis, provided an adequate tech- 
nique of measurement is employed and all factors 
which effect the Q-T interval are evaluated. 

MARGOLIES 


Ross, L. J.: Electrocardiographic Findings in Mea- 
sles. Am. J. Dis. Child. 83: 282 (March), 1952. 
Seventy-one children with measles who ranged 

in age from 4 to 14 years were studied. The author 

did not note symptoms and clinical signs of myo- 

carditis, such as easy fatigability, congestive heart 

failure, and cardiac insufficiency. 


144 ABSTRACTS 


The study of 105 electrocardiographic records 
of the 71 children revealed the P-R interval increased 
in 30 per cent, an R’ wave in CF, in 28 per cent, 
and a prolongation of the Q-T interval in 29 per 
cent. It was not possible to perform serial electro- 
cardiograms to determine the time required for the 
tracings to return to normal. Cardiac damage has 
not been believed to follow. Nevertheless, the author 
suggests that it may be desirable to extend the period 
of rest after measles, especially for children under 8 
years of age in whom a higher incidence of electro- 
cardiographic disturbances was found. 

MARGOLIES 


Zemplenyi, T.: New Applications of Synchronous 
Three or Four Lead Registration in Modern 
Electrocardiography. Acta med. scandinav. 141: 
292 (March), 1952. 

An application of the Kayser Weber system of 
electrocardiographic registration is described. By 
this system two leads are registered separately by 
two separate oscillographs, while a third oscillograph 
automatically registers the difference between the 
excursions of the second and first leads. The relation 
between the unipolar limb leads introduced by Wil- 
son and the standard leads is easily studied by this 
technic, since two of the unipolar limb leads are 
registered simultaneously while the third oscillo- 
graph registers the standard lead derived from them. 
The author has also used this system to analyze the 
relation between chest leads Cr, Ci, Cr, and the 
potential variations of the extremities. He has found 
that the use of one of the extremities as a point of 
reference in recording the precordial leads intro- 
duces distortions of the S-T segment and biphasic 
excursions due to asynchronicity. Registration of 
precordial leads by means of the central terminal 
method of Wilson is considered the safest technic. 

ROSENBAUM 


Converse, J. G., Landmesser, C. M., and Garmel, 
M. H.: Electrocardiographic Changes during Ex- 
tubation. A Study of Electrocardiographic Pat- 
terns during Endotracheal Anesthesia including 
those seen during Intubation, Endotracheal Suc- 
tion, and particularly Extubation. Anesthesiology 
13: 163 (March), 1952. 

Electrocardiograms were taken on 41 patients 
immediately prior to induction of anesthesia and 
during various phases of endotracheal anesthesia. 
During intubation 20 patients showed electrocardio- 
graphie changes—3 abnormal cardiac rhythms and 
18 rate changes. During endotracheal suction prior 
to extubation, 17 patients demonstrated changes— 
two abnormal cardiac rhythms and 16 rate changes. 
During extubation 19 showed electrocardiographic 
changes —5 abnormal rhythms and 17 rate changes. 

The authors believe that these studies tend to 
deny the alleged cardiac dangers of extubation during 


light planes of anesthesia because the arrhythmias 
observed were so fleeting in nature and also because 
these patients had a benign postoperative course. 
The authors suggest that the relative low incidence 
of electrocardiographic changes found in this series 
might be due to the practice of employing 100 per 
cent oxygen before any endotracheal manipulations. 
The incidence of electrocardiographic changes during 
endotracheal manipulations was higher with inhala- 
tion agents alone than when intravenous Pentothal 
Was used in conjunction with inhalation anesthetics. 
Intravenous procaine or the application of topical 
pantocaine to the larynx did not affect the changes 
occurring during intubation. Changes were observed 
more frequently in thoracic and upper abdominal 
operations. Patients who were classified as being in 
an abnormal cardiac status preoperatively, for some 
unknown reason, had less cardiac arrhythmias during 
endotracheal manipulation than those with normal 
hearts. 
SAGALL 


Bush, O. F., Bittenbender, G., and Adriani, J.: 
Electrocardiographic Changes during Ethyl Chlo- 
ride and Vinyl Ether Anesthesia in the Dog and 
Man. Anesthesiology 18: 197 (March), 1952. 
During ethyl chloride anesthesia in dogs, electro 

cardiograms showed the first effect on the heart to 
be an inhibition of the conducting mechanism due 
to vagal stimulation. This occurred 18 to 120 sec- 
onds after induction and was noted during plane | 
or 2 of stage III anesthesia. This appeared in all 
animals not premedicated with atropine. Later in 
the course of anesthesia (planes 2, 3, or 4 of stage 
III or stage IV), depressant effects of ethyl chloride 
on the cardiac tissues occurred. These always fol- 
lowed the vagal inhibition when it occurred and 
were preceded in most instances by brief periods of 
excitation shown by tachycardia. As the concentra- 
tion was increased death resulted from asystole or 
ventricular fibrillation. Atropine did not protect 
against the depressant action of the drug. 

In man the vagal inhibition was also found in 
patients anesthetized without the pre-anesthetic 
use of atropine. The effect could be reversed by the 
intravenous injection of atropine. Similar studies 
in man and dog with vinyl ether without pre- 
anesthetic medication of atropine or morphine failed 
to show either the vagal inhibition or the depression 
of cardiac tissues found with ethyl chloride. 

The electrocardiographic changes observed during 
ethyl chloride anesthesia are of serious nature and 
may indicate a possible cause of sudden death 
during anesthesia with this agent. In all cases the 
use of ethyl chloride without atropine is not justified. 
From the point of view of effect on the heart, vinyl 
ether appears to be preferable to ethyl chloride as 
an inhalation anesthetic. 

SAGALL 
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Fisher, K., and Winsor, T.: Contributions of Elec- 
trocardiography to Anesthesia for Chest Surgery. 
Anesthesiology 18: 147 (March), 1952. 

The treatment of cardiac emergencies occurring 
during anesthesia is under the usual conditions based 
almost entirely upon the pulse rate, blood pressure, 
and the clinical appearance of the patient. Since 
alteration of cardiac function occurs frequently 
during chest surgery, additional information con- 
cerning the cardiac status prior to, during, and after 
anesthesia is of importance in determining proper 
therapy. 

A study was made of the course of 102 patients 
who underwent chest surgery. In 52 patients elec- 
trocardiograms were taken before, during, or im- 
mediately after the chest surgery. It was found that 
in the latter group the electrocardiograms were a 
valuable aid in discovering cardiac arrhythmias 
that were otherwise undetectable and were often 
serious. The electrocardiogram also provided a means 
of determining the efficacy of treatment for cardiac 
abnormalities administered either prophylactically 
or therapeutically. 

Cases are discussed illustrating the detection and 
treatment of various arrhythmias, the detection of 
myocardial injury, and the value of prophylactic 
administration of banthine and digitalis in selected 
patients. The mortality of the patients anesthetized 
under electrocardiographic control was zero as com- 
pared with 6 per cent in the group in whom electro- 
-ardiograms were not taken. The authors believe 
that this lowered mortality was directly due to 
better therapy resulting from the additional infor- 
mation afforded by the electrocardiograms. 

SAGALL 


Mauro, A., Nahum, L. H., Sikand, R. S., and Chernoff, 
H.: Equipotential Distribution for the Various In- 
stants of the Cardiac Cycle on the Body Surface 
of the Dog. Am. J. Physiol 168: 584 (March), 1952. 
The authors have studied the fundamental geo- 

metric pattern of equipotential lines on the surface 

of the dog chest. The pattern obtained could not 
be explained on the basis of a planar or spherical 
surface doublet distribution. The distribution of 
lines was similar in man and dog except for the 
location of maximum positive and negative regions. 

The “electrical axis’ of Einthoven did not agree 

as to direction with a line joining the maximum 

positive and negative regions. Manifest potentials 
from Einthoven’s formula were different from those 
actually observed. 

OpPENHEIMER 


HYPERTENSION 


Stearns, N. S., and Ellis, L. B.: Acute Effects of 
Intravenous Administration of a Preparation of 
Veratrum Viride in Patients with Severe Forms 


of Hypertensive Disease. New England J. Med. 

246: 397 (March 13), 1952. 

A biologically standardized preparation of al- 
kaloids from veratrum viride was given intravenously 
36 times to 25 patients with severe or malignant 
hypertensive vascular disease. The infusions were 
given at two different rates: a relatively rapid one 
of 0.88 to 1.0 microgram per kilogram per minute, 
and a relatively slow rate of 0.6 to 0.68 microgram 
per kilogram per minute. The onset of vasodepressor 
effect usually began in 8 to 14 minutes. There was 
often a continued fall in the blood pressure after the 
infusion was stopped. The vasodepressor effect lasted 
from three minutes to 12 hours. Hypotension with 
symptoms of collapse occurred in one patient but 
was treated successfully with intravenous neosyneph- 
rine. The dose required was quite variable from pa- 
tient to patient, and it is recommended that it be 
determined on the basis of the patient’s weight and 
his vasodepressor response during the infusion of 
the drug. There was no clinical evidence of increased 
insufficiency of any of the vital organs during the 
hypotensive response. Symptomatic improvement 
occurred in 18 trials in 14 patients. Patients with 
hypertensive encephalopathy showed the most fa- 
vorable immediate responses, although these were 
not usually the most persistent. The survival data 
for the patients studied showed no material altera- 
tion in the course of the hypertensive disease except 
possibly in three patients. The authors conclude 
that intravenous use of this drug seems to have a 
place in the treatment of the symptoms of hyper- 
tensive crises or encephalopathy. 

RosENBAUM 


Skeggs, L. T., Kahn, J. R., and Shumway, N. P.: 
The Isolation and Assay of Hypertensin from 
Blood. J. Exper. Med. 95: 241 (Mar.), 1952. 

A method has been described for isolation and 
assay of hypertensin from the blood of dogs. An 
ethanol filtrate of blood drawn from the femoral 
artery is prepared and concentrated by evaporation. 
The hypertensin is extracted into. n-butanol from 
which it is adsorbed into alumina, and subsequently 
eluted with dilute ethanol. The eluate is then evap- 
orated to dryness, dissolved in water, and assayed 
by intravenous injection into rats. 

BERNSTEIN 


Campbell, A. J. M., Graham, J. G., and Maxwell, 
R. D. H.: Treatment of Hypertension by Oral 
Methonium Compounds. British M. J. 4752: 251 
(Feb.), 1952. 

Hexamethonium, pentamethoniumand hexa-meth- 
ylene bisdimethylethyl ammonium (“M. & B. 1863’) 
in bromide, chloride, iodide, and tartrate salts were 
used for up to two vears in the treatment of an 
unselected group of 35 patients with hypertension 
and severe svmptoms and signs. These compourds 
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were used orally with variable results upon the blood 
pressure, but in 23 of the 35 patients there was a 
good symptomatic improvement with regression of 
the signs. 

Hexamethonium also produced a symptomatic 
improvement in five patients with severe chronic 
nephritis, and in two with malignant hypertension. 

BERNSTEIN 


Shapiro, A. P., and Ferris, E. B.: The Effects of 
Intravenously Administered Veratrum Viride in 
Hypertensive and Normotensive Subjects. Ann. 
Int. Med. 36: 792 (March), 1952. 

The effect of intravenous administration of vera- 
trum viride on blood pressure and pulse rate was 
studied in 38 hypertensive and 10 normotensive 
subjects. The results demonstrated a similar de- 
pressor response to a fixed dose in both groups. 
Considerable variability of this response was ex- 
hibited within each group. The individual degree 
of response in the hypertensive patients could be 
correlated only with the initial diastolic pressure, 
in that patients with higher levels showed a sig- 
nificantly smaller percentile fall. Symptoms of nausea 
and vomiting were present in one third of the pa- 
tients. They were unrelated to the percentile fall of 
blood pressure and were not diminished by simul- 
taneous administration of atropine sulfate. However, 
atropine did prevent bradycardia without signifi- 
cantly affecting the depressor response. Repeated 
interval injections of veratrum viride revealed no 
evidence of the development of tolerance in the 
blood pressure response. In addition, studies with 
doses of increasing size demonstrated a “leveling 
off” of the dose-effect curve, with the eventual 
appearance of nausea and vomiting as the limiting 
factor to further increase. The studies bear out the 
ability of veratrum viride consistently to produce 
a fall in blood pressure, but emphasize the difficulty 
in determining individual responsiveness to the 
drug. 

WENDKOS 


Shapiro, A. P., Brust, A. A., and Ferris, E. B.: A 
Comparative Study of the Effects of Veratrum 
Viride and Tetraethylammonium Chloride in Hy- 
pertension. Ann. Int. Med. 36: 807 (March), 
1952. 

The effects of intravenous administration of vera- 
trum viride and tetraethylammonium chloride were 
compared in 15 patients with hypertension. In 
contrast to toxemia of pregnancy, where the results 
of the two drugs are diametrically opposed (tetra- 
ethylammonium chloride having little or no effect 
and veratrum viride producing a marked fall in 
blood pressure), these 15 patients showed a similar 
blood pressure fall to each drug when they were 
given on the same day. The results support the con- 
cept that the vasodilatation produced by veratrum 


viride is not specific in terms of the various mecha- 
nisms interrelated in the maintenance of the ele- 
vated blood pressure, but depends on the degree or 
severity of peripheral resistance which is present. 
WENDKOS 


PATHOLOGIC PHYSIOLOGY 


Krasemann, E. O.: Three Cases with Marked Fres- 
sure Elevation of the Pulmonary Circulation for 
Particular Reasons. Ztschr. Kreislaufforsch. 41: 
210 (March), 1952. 

The author reports three unusual cases in which 
autopsy revealed rare cardiac anomalies associated 
with an increase of pressure in the pulmonary circula- 
tion. In the first case, diagnosed clinically as aortic 
regurgitation, an inflammatory process of the aortic 
wall with perforation of the latter 2 cm. above the 
semilunar valves resulted in an aortopulmonic fistula 
and in secondary sclerosis of the pulmonary vascular 
tree. 

In the second case an aortic aneurysm of syphilitic 
etiology encroached upon the pulmonary artery with 
subsequent stenosis of this vessel. The third case, 
with the clinical symptomatology of mitral disease, 
showed at post mortem a large organized thrombus 
(pseudomyxoma) in the left atrium, attached to an 
old endocarditic scar which partially occluded the 
mitral ostium. In all three cases pulmonary hyper- 
tension was evidenced by marked right ventricular 
hypertrophy. 

Pick 


Reissmann, K. R., Burkhart, W. L., and Hoelscher, 
B.: Blood Destruction in the Polycythemia In- 
duced by Hypoxia. Blood 7: 337 (March), 1952. 
The authors studied the hemoglobin catabolism 

during the development and during the disappear- 

ance of polycythemia induced by hypoxia before, 
during, and after prolonged periods of exposure to 

20,000 feet simulated altitude. This was studied by 

measuring the total circulating hemoglobin and the 

daily bile pigment excretion in bile-fistula dogs. 

They found that the increased erythropoiesis during 

the first weeks of altitude exposure was accompanied 

by a significant increase in bile pigment output. 

The life span of the red cells during altitude expo- 

sure was found to be about 115 days. This was essen- 

tially the same as that observed in animals at ground 
level. The blood returned to ground level. This was 
achieved by the combined effect of a depressed 
erythropoiesis and of an increased blood destruc- 
tion. The authors conclude that the increase in red 
cell destruction observed under these conditions 
demonstrates the existence of a mechanism of blood 
destruction by which the organism is able to destroy 
normal blood cells before their life span is exhausted. 

They found, however, that increased red cell destruc- 

tion accounted for only 21 to 39 per cent of the 
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hemoglobin which disappeared from circulation after 
return to ground level. The chief factor in the nor- 
malization of altitude polycythemia was the tem- 
porary depression of erythropoiesis which they esti- 
mated to amount to 30 to 40 per cent of the normal 
cell production in the six week period after the dis- 
continuation of the altitude exposure. 
BEIZER 


Taylor, H. L., and Tiede, K.: A Comparison of the 
Estimation of the Basal Cardiac Output from a 
Linear Formula and the ‘Cardiac Index.” J. 
Clin. Investigation 31: 209 (Feb.), 1952. 

The cardiac index assumes that the cardiac out 
put normally is directly proportional to the surface 
area of the body. This report examines the validity 
of the cardiac index as a standard, particularly in 
its usefulness in predicting the cardiac output. 
Forty-eight healthy male students are studied. Car- 
diac outputs are estimated by the acetylene method 
and by the low-frequency, critically damped _ bal- 
listocardiograph. In addition, the authors reviewed 
the data of Tanner using the high-frequency bal- 
listocardiograph, acetylene method and ethyl iodide 
method. 

It is found that the high-frequency ballistocardio- 
graph gives estimates of cardiac output which are 
not related to surface area and body size, and it is 
an unsatisfactory method in this regard. Similar 
findings are noted with the ethyl iodide procedure. 
On the other hand, the low-frequency critically 
damped ballistocardiograph, the acetylene method, 
direct Fick procedure, all distinguish between large 
and small persons more satisfactorily. These three 
methods give cardiac outputs, which are related to 
surface area in such a way that the use of the cardiac 
index adds only a small (less than 3.6 per cent) addi- 
tional variance over that found by the more efficient 
least-squares method. Even in the best situation, the 
variability attributable to differences in surface 
area accounts for only 20 per cent of the total vari- 
ability observed. The cardiac index is a standard 
which, although somewhat less efficient than the 
regression line, may be used as a standard to predict 
cardiac outputs of individuals. It should always be 
accompanied by precise age specifications, since the 
cardiac index varies with age. Although the error 
involved in predicting cardiac output of an indi- 
vidual is small compared with the total variability 
in cardiac output, the problem of comparing groups 
is quite different, since small differences can be sig- 
nificant where large groups are involved. 

WAIFE 


Mokotoff, R., Ross, G., and Leiter, L.: The Electro- 
lyte Content of Skeletal Muscle in Congestive 
Heart Failure; A Comparison of Results with 
Inulin and Chloride as Reference Standards for 


Extracellular Water. J. Clin. Investigation 31: 

291 (March), 1952. 

In estimating electrolyte shifts between the intra- 
cellular and extracellular fluid compartments, or in 
calculating intracellular electrolyte concentrations 
from tissue analysis, certain assumptions dealing 
with the distribution of chloride, and initial or final 
volume of extracellular water are necessary. Since 
the volume of inulin distribution is smaller than that 
of chloride or other electrolytes, it has been sug- 
gested that inulin is confined to the extracellular 
compartment. In an effort to obtain a more precise 
measurement of the extracellular fluid of muscle, 
inulin was infused into experimental subjects until 
uniform distribution had been achieved. Muscle 
was obtained by biopsy and analyzed for inulin and 
electrolyte content. 

Seven patients were studied, four noncardiacs and 
three cardiacs with congestive failure after pro- 
longed inulin infusion. In three additional cardiacs, 
biopsies were taken without prior inulin infusion. 
Based on the values obtained if one excepts the 
“chloride space”’ or a “corrected chloride space” as 
the reference standard for extracellular water, it 
can be shown that the cardiac with heart failure has 
a loss of intracellular potassium and a gain of intra- 
cellular sodium. On the other hand, with inulin as 
a standard, there is no change from the normal in 
the intracellular electrolyte composition in heart 
failure. From the present data one cannot select 


the true reference standard for measuring extra- 
cellular water. 


WaAIFE 


Penneys, R.: Studies with the Millikan Oximeter 
at the Bedside of Patients with Cardiac and 
Pulmonary Disease. Bull. Johns Hopkins Hosp. 
90: 192 (March), 1952. 

Twenty-seven patients with cardiac and pulmo- 
nary disease were studied at the bedside with the 
use of the Millikan automatically compensated type 
of oximeter. The Millikan oximeter is an instrument 
which measures changes of the blood arterial oxygen 
saturation in the intact human ear. 

Hypoxemia was detected when, with the adminis- 
tration of pure oxygen by demand valve, the arterial 
oxygen saturation increased to greater than the 
normal of six per cent. In the same patient, the 
severity of hypoxemia paralleled the severity of the 
disease. The author suggests the saturation rise 
with oxygen as an objective test of the clinical course 
of such patients. 

Polyeythemia vera may be differentiated from 
secondary polycythemia by measuring the arterial 
saturation rise with oxygen inhalation. Primary poly- 
cythemia produces a normal rise, since the arterial 
saturation of the blood while breathing air is normal. 
Secondary polycythemia associated with pulmonary 
disease will give a saturation rise greater than 6 per 
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cent if the blood is abnormally unsaturated while 
breathing air and becomes fully saturated with oxy- 
gen inhalation. 

The diagnosis of carbon monoxide intoxication 
may be strongly questioned if hypoxemia is detected 
on the oximeter. 

The use of the demand valve to administer oxygen 
is important, since hypoxemic patients require high 
concentrations of oxygen to completely saturate 
their blood. 

It was found that for the same severity of disease, 
“pulmono-cardiac” patients were more unsaturated 
than “pulmonary,” and “pulmonary”’ patients were 
more unsaturated than “cardiac” patients. 

The author has found the Millikan oximeter a 
simple and useful instrument for the detection, 
treatment, and understanding of hypoxemia at the 
bedside of patients with cardiac and pulmonary 
disease. 

MARGOLIES 


McGirr, E. M.: The Rate of Removal of Radio- 
active Sodium Following Its Injection into Muscle 
and Skin. Clin. Sc. 11: 91 (March), 1952. 
Clearance rates of sodium™ from muscle and skin 

were determined in normal subjects as well as in 

persons with intermittent claudication. The rates 
show considerable variation among normal subjects, 
the clearance always being exponential. In general, 
clearance rates are affected by changes in blood flow, 
though not in a strictly proportional manner. Tem- 
perature changes affect clearance from the skin much 
more than from the muscle. The method is capable of 
revealing marked changes in local circulation. Its 
diagnostic application to cases of intermittent claudi- 
cation with readings taken at rest has not been help- 
ful. However, it will be necessary to examine the 
results of studies during exercise before the method 
can be evaluated as a diagnostic tool. 

E-.NSELBERG 


Lequime, J., Denolin, H., and Vernegry, A.: The 
Circulation in the Course of Paget’s Disease. 
Acta Cardiol. 7: 319 (Fase. 3), 1952. 

Data of the literature indicate that Paget’s disease 
is associated with marked alterations of the circula- 
tion (increase of cardiac output and diminished A-V 
oxygen saturation) which is the result of arterio- 
venous shunts in vascular communications in the 
diseased bones. 

The authors studied the cardiodynamics in a 63 
year old patient with typical roentgenologic findings 
of disseminated Paget’s disease. Cardiac output and 
peripheral arterial resistance, calculated on the basis 
of catheterization data, were normal; however, the 
oxygen content of the venous blood was much lower 
in the upper extremities than in the legs, which 
showed the most pronounced osseous changes. It 
is concluded that, in the studied case, arteriovenous 
shunts were present in the lower extremities but of 


insufficient magnitude to increase cardiac output and 
to alter significantly the general circulation. 
Pick 


Papaemanuel, S., Papanicolis, I., and Lazaron, P.: 
Chronic Cor Pulmonale in Tuberculous Patients. 
Arch mal. coeur 45: 259 (March), 1952. 

Among 100 cases with chronic pulmonary tuber- 
culosis, 10 per cent had electrocardiographic changes 
suggesting chronic cor pulmonale. Ten cases were 
submitted to cardiac catheterization. In eight in- 
stances moderate elevation of the pulmonary arterial 
pressure was found, while the electrocardiogram 
showed marked right axis shift but no evidence of 
right ventricular hypertrophy. In two cases in whom 
the electrocardiogram indicated hypertrophy of both 
right auricle and ventricle, the right ventricular 
pressure was markedly elevated. The authors feel 
that in cases with extensive pulmonary lesions and 
electrocardiographic signs of right ventricular hyper- 
trophy, cardiac catheterization and determination 
of intraventricular pressures are necessary before 
any active therapy is attempted, in order to avoid 
precipitation of right ventricular failure in the course 
of the planned therapeutic procedures. 

Pick 


Haley, T. J., Riley, R. F., Williams, I., and Andem, 
M. R.: Presence and Identity of Vasotropic Sub- 
stances in Blood of Rats Subjected to Acute Whole 
Body Roentgen Ray Irradiation. Am. J. Physiol. 
168: 628 (March), 1952. 

There was no apparent direct effect of irradiation 
on the mammalian capillary bed. During the first 
week after exposure, a vasodepressor substance 
which produced profound peripheral vascular paraly- 
sis as does Ferritin, appeared in the circulation. In 
the second week, a vasoexcitor material appeared. 
The vasodepressor material was shown to be VDM 
as in irreversible shock. It is pointed out that the 
depressor material appears first and the excitor ma- 
terial (VEM) later, which is a different sequence 
than in shock. 

OPPENHEIMER 


Frieden, J., Rice, L., Elisberg, E. I., Eisenstein, B., 
and Katz, L. N.: Effects of Chronic Peripheral 
Venous Congestion on Renal Sodium Excretion. 
Am. J. Physiol. 168: 650 (March), 1952. 

The aim of the present study is to determine 
whether or not chronic venous congestion in any 
specific circulatory bed is of predominant importance 
in causing alterations in renal handling of sodium. 
Ligation, partial or complete, of large veins was used 
to produce long-standing elevations of venous pres- 
sure in dogs. Sodium excretion rate was decreased 
when peripheral venous pressure became elevated. 
Glomerular filtration rate and renal plasma flow 
were unchanged. Establishment of collaterals, which 
permitted a fall in venous pressure, was accompanied 
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by an increase in sodium excretion rate. The authors 
are of the opinion that peripheral venous pressure 
elevations are important in sodium retention by 
virtue of increased tubular reabsorption, even though 
the intermediary mechanism cannot be described. 
OppENHEIMER 


Burdette, W. J.: Oxygen Consumption of Cardiac 
Muscle During Shock. Am. J. Physiol. 168: 575 
(March), 1952. 

The authors produced shock by bleeding and also 
by release of previously applied tourniquests. Serum 
amino acid levels and appearance of the rats used 
in these experiments were used as indices of produc- 
tion of shock. Both methods of induction of shock 
produced equal effects on oxygen use of heart muscle. 
Oxygen uptake of muscle slices was greater from 
animals very soon after treatment than from animals 
without treatment. A depression and secondary rise 
in oxygen use followed. 

OPPENHEIMER 


PATHOLOGY 


Benchimol, A. B., and Dias Carneiro, R.: Diphthe- 
ritic Myocarditis. Arq. brasil. med. 42: 85 (Mareh-— 
April), 1952. 

Following a review of the present concept of 
diphtheritic myocarditis, the authors report three 
cases of this condition of which two had autopsy 
confirmation. In the first patient, a bacteriologic 
confirmation was not obtained and the diagnosis 
was based upon the presence of peripheral neuritis 
appearing some time after a throat infection. Diph- 
theritic myocarditis was thought to be the cause of 
longstanding heart failure which responded to cardio- 
tonic medication. This patient was examined one 
year later and showed a definite increase in heart 
size which was interpreted as due to irreversible 
myocardial changes caused by diphtheria. The 
second case had complete laboratory confirmation, 
and showed a complete AV heart block in the first 
week of the disease. Death occurred shortly there- 
after following a period of convulsions and loss of 
consciousness. Autopsy studies confirmed the clinical 
diagnosis. In the third patient the diagnosis was 
proved bacteriologically and confirmed at autopsy. 
Since this case was seen only twelve hours before 
death, the unfavorable course was probably due to 
the absence of early and adequate specific therapy. 

SCHLESINGER 


Murphy, G. E.: Evidence that Aschoff Bodies of 
Rheumatic Myocarditis Develop from Injured 
Myofibers. J. Exper. Med. 95: 319 (March), 1952. 
Comparative studies on the histopathogenesis of 

experimentally induced lesions of myocardial Aschoff 

body type in rabbits, and of many myocardial 

Aschoff bodies from several active rheumatic fever 


patients, have revealed the following: Almost in- 
variably these experimental lesions, and very fre- 
quently the myocardial Aschoff bodies studied in 
their early stages, have been shown to originate in 
and evolve from lesions of heart muscle fibers. The 
mono-, multi-, and non-nucleated cell masses, most 
characteristic of myocardial disease of the rheumatic 
type, appear to be damaged muscle fibers, their 
fragments, and syncytial cell masses of probable 
muscular origin that proliferate from beneath the 
sarcolemma and in the tracks of damaged muscle 
fibers in reaction to that damage. 

The most distinguishing histologic feature of the 
myocardial Aschoff bodies in rheumatic heart disease 
is the peculiar lesions of muscle fibers. Therefore, 
it is proposed that they be designated as ‘‘myofiber 
Aschoff bodies” in order to indicate their origin more 
accurately. The results of these investigations con- 
trast with the widely accepted theory that all 
myocardial Aschoff bodies originate as injured inter- 
stitial collagen and that, as they evolve, they con- 
sist of damaged interstitial collagen intermingled 
with cells of nonmyogenic derivation that prolifer- 
ated in response to that collagen injury. 

BERNSTEIN 


Williams, A. W.: Primary Amyloidosis with Renal 
and Myocardial Failure. J. Clin. Path. 5: 54 
(Feb.), 1952. 

A case is described of primary systemic amyloido- 
sis in a woman of 49. The illness lasted two years 
and was accompanied by progressive renal and myo- 
cardial failure. The amyloid was mainly of cardio- 
vascular distribution. Most arteries affected by amy- 
loid showed deposits throughout their walls, but in 
some arteries the amyloid was confined almost en- 
tirely to the media. 

Reference is made to the four other cases of pri- 
mary systemic amyloidosis with renal failure re- 
ported in the medical literature. 

BERNSTEIN 


Symmers, W. St. C.: Necrotizing Pulmonary Arteri- 
opathy Associated with Pulmonary Hypertension. 
J. Clin. Path. 5: 36 (Feb.), 1952. 

Two cases are described in which there was a 
necrotizing arteriopathy limited to the pulmonary 
vasculature. Essential (primary) pulmonary hyper- 
tension was present in one case, and pulmonary 
hypertension secondary to mitral stenosis in the 
other. The lesions in the small blood vessels in each 
sase were of three kinds: (1) arteriolosclerosis, com- 
parable to hypertensive systemic arteriolosclerosis; 
(2) fibrinoid necrosis of the media of small arteries 
and arterioles, comparable to the arteriolonecrosis 
associated with malignant systemic hypertension; 
and (3) arteritis and arteriolitis, reproducing the 
histologic features seen in polyarteritis nodosa. It is 
suggested that necrotizing arteriopathy limited to 
the pulmonary vasculature and occurring in associa- 
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tion with pulmonary hypertension is a result of the 
hypertension and not its cause. 
BERNSTEIN 


Gordin, R.: An Unusual Case of Combined Rupture 
of Heart and Aorta. Acta med. scandinav. 141: 
380 (March), 1952. 

The onset of pain and clinical illness in a 55 year 
old woman suggested an acute myocardial infare- 
tion. Postmortem examination disclosed a tear in 
the wall of the right ventricle, 4 mm. in diameter and 
immediately below the semilunar valves. Blood had 
extended by extravasation from this tear to the root 
of the aorta which was then dissected into two layers 
from its origin down to the level of the renal ar- 
teries. The aortic intima was undamaged. The dis- 
s2ction communicated with the pericardial cavity 
through an opening in the outer wall of the aorta at 
its root. Massive hemopericardium had occurred. 
The rupture of the right ventricle was felt to occur 
at a zone of myofibrosis, and the extension into the 
wall of the aorta was considered to have followed 
one of the vasa vasorum. 

RosENBAUM 


Rose, I.: Tuberculosis of the Myocardium. Am. 

Rev. Tuberc. 65: 332 (March), 1952. 

A case is presented of myocardial tuberculosis 
showing varying types of heart block pointing to 
involvement of the conduction apparatus of the 
heart. At necropsy the heart weighed 280 Gm. All 
chambers were slightly dilated and those of the right 
heart markedly so. Beneath the epicardium and in- 
volving the myocardium and interventricular septum 
were multiple clusters and patches of rounded, light 
tan, moderately firm nodules. Histologic sections of 
the heart showed tuberculous myocarditis with 
diffuse degeneration of the myocardium and focal 
cas2ous tuberculosis. Although no active pulmonary 
tuberculosis was demonstrated, active tuberculosis 
was present in the pelvic organs. Myocardial tuber- 
culosis should b2 considered in a patient who has 
a primary focus of tuberculosis, and if there are 
cardiovascular signs present. 

BERNSTEIN 


PHARMACOLOGY 


Burnett, J. B., and Gundersen, S. M.: The Effect 
of Volatile 1-Cyclohexyl-2-Methylaminopropane 
(“Benzedrex”’ Inhaler) on Patients with Coronary 
Arteriosclerosis. New England J. Med. 246: 449 
(March 20), 1952. 

This study was concerned with 1-cyclohexyl-2- 
methylaminopropane in a volatile form in an inhaler 
(“‘Benzedrex”’). It differs from amphetamine in that 
it is a cyclohexylalkylamine rather than a phenyl- 
alkylamine. This drug has been found to have less 


vasopressor activity and to be less stimulating to the 
central nervous system than amphetamine. Twenty 
patients with definite coronary arteriosclerosis were 
tested with excessive doses of this new drug by in- 
halation. The tests were controlled with inhalers i: 
which no active amine was present. In no patient 
was there any significant change in the pulse or bloo:| 
pressure, nor was angina pectoris precipitatec. 
Furthermore electrocardiograms showed no signifi- 
vant changes. In two patients transient ventricular 
premature beats appeared. 
RoseNBAUM 


Myers, T. M., and Hamburger, M.: Tuberculous 
Pericarditis. Its Treatment with Streptomycin ani 
Some Observations on the Natural History of the 
Disease. Am. J. Med. 12: 302 (March), 1952. 
Three patients with primary tuberculous per - 

sarditis received 1 mg. of streptomycin intramuseu- 

larly daily for 90 to 112 days. These patients are 
still entirely well and lead normal lives 28 months 
after the cessation of fever. Five of nine patients 
with similar conditions untreated with streptomycin 
died within a few months of cardiac failure or miliary 
spread of the tuberculosis. Although spontaneous 
healing of the pericarditis occurred in the remaining 
four untreated patients, tuberculosis appeared else- 
where in the body after an average asymptomatic 
period of 16.5 months. The authors conclude that 
tuberculosis of the pericardium may heal spontane- 
ously, but the administration of streptomycin im- 


proves the prognosis, although the long-term results 
cannot be properly evaluated at this time. Death 
in patients with untreated tuberculosis of the peri- 
cardium is perhaps more often due to dissemination 
of the tuberculous infection than to pericardial in- 
volvement, per se. 


HARRIS 


Schlesinger, P., and Santos, E. M.: Hypersensitivity 
to the Mercurial Diuretics. Arq. brasil. med. 42: 
105 (March-April), 1952. 

Following a brief review of the various types of 
reactions due to the mercurial diuretics, the allergic 
manifestations produced by these drugs are empha- 
sized and discussed as to their possible mechanisms. 

A case is reported of hypersensitivity to the mer- 
curial diuretics in a patient with hypertensive heart 
disease who presented a cutaneous reaction following 
the intravenous administration of this drug. Not- 
withstanding a change in the mercurial diuretic em- 
ployed and in the route of administration, as well as 
the prophylactic use of an antihistamine prepara- 
tion, a similar allergic reaction occurred several 
months later. Skin tests with the patch, scratch:- 
patch, and intradermal methods were all positive and 
confirmed the allergic nature of the erythematous 
cutaneous reaction. 

SCHLESINGER 
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Faraco, E.: The Cardiovascular Effects and Thera- 
peutic Value of Strophanthidin Benzoate. Arq. 
brasil cardiol. 5: 1 (March), 1952. 

A study is presented on the cardiovascular effects 
0’ strophanthidin-3-benzoate, a substance which 
n.aintains the digitaloid activity of the heterosides 
ootained from Strophanthus kombé. Under experi- 
mental conditions the action of this drug seems to 
be more uniform than that of digitoxin. The quanti- 
t:tive effects of both substances were essentially 
similar as judged by the respiratory rate, arterial 
biood pressure, circulation time, and ventricular 
gradient. The latter effect confirms the direct action 
o! the drug on the cardiac myofibril. In addition to 
the hemodynamic changes which occur, there is 
definite improvement of signs and symptoms of 
heart failure. The drug is completely absorbed when 
administered by the oral route, although nausea 
and vomiting are somewhat more frequent as com- 
pared to digitoxin. The maximal effect occurs more 
promptly than that of digitoxin and also declines 
more rapidly. This type of action is particularly 
suited for the treatment of severe cases of heart 
failure. The simultaneous administration of digitalis 
is indicated in order to obtain the immediate effect 
of Strophanthus and the delayed action of digitalis. 
The drug is particularly useful in cases of acute left 
ventricular insufficiency, and in paroxysmal auricular 
flutter and fibrillation. The determination of the 
ventricular gradient, rather than a purely morpho- 
logic examination of the T wave of the electro- 
cardiogram, is the most rational method used to 
measure the effects of this drug. 


SCHLESINGER 


Moyer, J. H., Miller, S. I., Pashnek, A. B., and 
Bowman, R.: The Effect of Theophylline with 
Ethylenediamine (Aminophylline) on Cerebral 
Hemodynamics in the Presence of Cardiac Failure 
with and without Cheyne-Stokes Respiration. J. 
Clin. Investigation 31: 267 (March), 1952. 
Cerebral blood flow studies were performed on 

16 patients with cardiac failure, four of whom had 

Cheyne-Stokes respiration. It was found that amino- 

phylline increased the cerebrovascular resistance in 

patients with cardiac failure, resulting in a decrease 
in cerebral blood flow. Changes in arterial carbon 
dioxide and jugular carbon dioxide indicated that 
tie depression of cerebral blood flow was not a re- 
fection of decrease of carbon dioxide in the brain, 
ut more likely a direct effect of aminophylline on 

‘rebral vessels. The cerebral oxygen consumption 
creased under aminophylline. No significant dif- 
rence was found in the over-all hemodynamic 
ects in patients with cardiac failure manifesting 
1eyne-Stokes respiration. 

The effects of this drug are probably due to a 

s imulating effect on the respiratory center, either 


directly or indirectly secondary to a depressed cere- 
bral circulation. 


WaAIFE 


Nathanson, M. H., and Miller, H.: Clinical Obser- 
vations on a New Epinephrine-like Compound, 
Methoxamine. Am. J. M. Sc. 223: 270 (March), 
1952. 

Methoxamine is a sympathomimetic compound 
which has been recommended for the prevention of 
the drop in blood pressure that is associated with 
spinal anesthesia. Its primary advantage is the 
ability to maintain a pressor effect without affecting 
the rhythmic function of the heart. Following the 
intravenous administration of 5 to 10 mg. of Meth- 
oxamine, there was a definite slowing of the heart 
rate which could be abolished or prevented by 
atropinization. This cardiac inhibition was ascribed 
to the rise in blood pressure which activates the 
vagal reflexes with afferent stimulation from the 
carotid sinuses and aortic arch. This vagal response 
may be useful in the treatment of supraventricular 
tachycardia. The drug did not prevent cardiac stand- 
still induced by carotid sinus stimulation. In patients 
with complete heart block, Methoxamine did not 
increase the ventricular rate in contrast to epi- 
nephrine which invariably caused a sustained rise 
in ventricular rate. Similar studies on phenylephrine 
(Neosynephrine) show that this agent frequently 
has a myocardial stimulating effect. 

The authors conclude that Methoxamine is of 
advantage in the treatment of hypotensive states 
because the pressor effect is maintained in the ab- 
sence of any cardiac stimulating action. 

SHUMAN 


Fox, C., Winfield, J., Slobody, L., Swindler, C., and 
Lattimer, J.,: Electrolyte Solution Approximating 
Plasma Concentrations. J. A. M. A. 148: 827 
(March 8), 1952. 

A physiologic electrolyte replacement solution 
which contains sodium, calcium, magnesium, and 
chloride ions in the normal plasma concentrations is 
described. Its potassium concentration of 10 mEq. 
per liter is twice the normal plasma value; likewise, 
bicarbonate is provided in twice its plasma concen- 
tration in the form of rapidly metabolizable pre- 
cursors, acetate and citrate. The rationale for the 
use of this solution is presented. In managing the 
electrolyte and fluid therapy of surgical, pediatric, 
orthopedic, and urologic patients who lose intra- 
cellular potassium after extensive operative pro- 
cedures or disease, substitution of this solution for 
0.9 per cent sodium chloride solution or other solu- 
tions has restored acid base balance and prevented 
the occurrence of hypopotassemia. The available 
data, both experimental and clinical, indicate that 
this solution prevents postoperative hypopotassemia 
without danger of toxicity, corrects moderate acido- 





152 ABSTRACTS 


sis without inducing alkalosis, replaces the electro- 
lytes in extracellular fluid, and induces copious 
secretion of urine and salt. There is now much evi- 
dence that 0.9 per cent sodium chloride solution is 
not the best solution for replacement or supportive 
therapy, and it is felt that trial of the new solution 
should be carried out. 
KITCHELL 


Dogliotti, A. M.: Clinical Use of the Artificial Circu- 
lation with a Note on Intra-arterial Transfusion. 
Bull. Johns Hopkins Hosp. 90: 131 (Feb.), 1952. 
The author describes a technic of intra-arterial 

blood transfusion through the common carotid ar- 
tery. The injection of the blood is directed toward the 
brain. The contention is that it is of greater im- 
portance in an emergency to maintain and restore 
an adequate blood flow to the cerebral centers than 
to the heart. This is based on the idea that irrevers- 
ible changes occur in the cerebral centers much 
before they occur in the heart. 

The author’s apparatus for sustaining circulatory 
and respiratory function is also described. The pri- 
mary function of this apparatus is to complement 
the activity of the heart and lungs during periods of 
cardiorespiratory failure. This apparatus has two 
independent pumps: one sucks the blood from the 
vein while the other injects it into an artery. The 
blood removed from the vein is heparinized and 
oxygenated. The oxygenator consists of a large porce- 
lain filter over which a thin film of blood is passed 
and brought into contact with finely dispersed 
gaseous oxygen. The excess carbon dioxide is ex- 
hausted by vacuum extraction. The oxygenated 
blood is pumped back into one of the patient’s 
systemic arteries. 

This apparatus was used successfully in a patient 
undergoing surgery for the removal of a mediastinal 
tumor. X-ray examination revealed a tumor occupy- 
ing over half of the upper right thorax and medias- 
tinum. As soon as the pleura was opened, the 
patient became cyanotic, and engorgement of the 
cervical veins was evident. The blood pressure could 
not be obtained. The failing cardiac function was 
though to be due to compression of the superior 
vena cava and right auricle by the tumor. The 
mechanical apparatus was then used. A_ plastic 
cannula was inserted into the superior vena cava 
via the right axillary vein. Another cannula was 
passed toward the aorta through the right axillary 
artery. The cannulae were attached to the pump 
oxygenator. After a few minutes of artificial circula- 
tion at 1 L. per minute, the patient’s condition im- 
proved and surgery could be continued. The tumor 
was completely removed. The artificial circulation 
was maintained for 20 minutes. The patient made 
an uneventful convalescence. 

To the author’s knowledge, this was the first re- 
ported case in which an artificial extracardiac circula- 
tion has been successfully used in man. 

MARGOLIES 


Jourdan, F., and Heyrand, J.: Influence of Acety!. 
choline and Adrenaline upon Nodal Rhythm. 
Compt. Rend. Soc. Biol. 145: 1184 (April), 195: 
Permanent nodal rhythm was produced in rabbits 

by extirpation of the sinus node, and the effect «i 

acetylcholine, injected intravenously in a dose of 

0.25 mg., was studied in electrocardiograms. Con.- 

pared with the known effects of the drug upon sinus 

rhythm, the negative chronotrope effect of the dru 
was more pronounced, leading to marked brad) 

cardia, and in some instances to temporary cardixc 
arrest of four to seven seconds. A negative chrono - 

trope effect (P-R prolongation) was not observe: . 

The P waves showed modifications in contour of 

variable degree and in one instance auricular fibrill::- 

tion set in. The effect of adrenaline, in animals wit) 
intact as well as with sectioned vagi, did not differ 
from that seen usually in animals with sinus rhythr. 

The demonstration of marked sensitivity of experi- 

mental nodal rhythm to pharmacologic vagotropic 

agents is in accord with results of previous experi- 
ments, in which direct vagal stimulation was use:. 
Pick 


King, B. D., Sokoloff, L., and Wechsler, R. L.: The 
Effects of l-Epinephrine and 1l-Nor-epinephrine 
upon Cerebral Circulation and Metabolism in 
Man. J. Clin. Investigation 31: 273 (March), 1952. 
Cerebral hemodynamics were studied in subjects 

with apparently normal cardiovascular systems by 
the continuous intravenous infusions of synthetic 
l-epinephrine and |-norepinephrine. Epinephrine pro- 
duced an increase in mean arterial blood pressure 
and cerebral blood flow without a significant change 
in cerebral vascular resistance. The cerebral oxygen 
consumption was significantly increased. On the 
other hand, norepinephrine produced a marked in- 
crease in cerebral vascular resistance and a decrease 
in blood flow, despite a substantial increase in mean 
arterial pressure. The oxygen consumption of the 
brain was not significantly altered. 

It is possible that under conditions of maximal 
vasoconstriction, norepinephrine might increase cere- 
bral vascular resistance out of proportion to the 
increase in profusion pressure so that cerebral blood 
flow might actually decrease. These and related 
drugs should be evaluated not only by their pressor 
effects but also by blood flow measurements through 
vital organs in normotensive and hypotensive states. 

WAIFE 


Kappert, A., Skoglund, C., Bergholtz, A., and Nylin, 
G.: The Effect of Hydergine (CCK) on Reflex 
Vasoconstriction and Reflex Blood Pressure Stim- 
ulation. Acta med. scandinav. 141: 440 (March), 
1952. 

Hydergine (CCK) is a preparation of the hydro- 
genated alkaloids of ergot, dihydroergocornine, «i- 
hydroergocristine and dihydroergokryptine, in equal 
amounts. These drugs are said to depress the cential 
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tonus of the vessels and possess a peripheral adreno- 
sympathecolytic action, thus resulting in vasodilata- 
ton and a fall in blood pressure. The heart rate is 
sowed by a central effect, and baroceptive reflexes 
may be blocked and reflex vasoconstriction inhibited 
when the blood pressure falls suddenly. This study 
was concerned primarily with the inhibition of re- 
flexly provoked circulatory reactions by means of 
Hydergine. 

It was found that the pressor reaction from the 
Valsalva maneuver or the cold pressor test, and the 
peripheral reflex vasoconstriction resulting from in- 
direct cold stimulation or smoking are inhibited or 
completely blocked by Hydergine. These effects are 
believed to result from diminution of the vascular 
tonus and by blockage of the vessels against adreno- 
sympathetic impulses. The effect upon reflexly in- 
duced vasoconstriction was found to be more pro- 
nounced after intra-arterial administration of the 
drug than after subcutaneous injection. The reflexly 
induced increase in blood pressure and the vaso- 
constriction were more striking in patients with in- 
stability of the nervous system and essential hyper- 
tension than in normal persons, and the inhibitory 
effects of Hydergine on these circulatory reactions 
were more marked when the reflex processes were 
more pronounced. The authors have given some con- 
sideration to the therapeutic application of this drug 
in cases of hypertension and peripheral vascular 
disease. 

ROSENBAUM 


Groen, J., Willebrands, A. F., Kamminga, C. E., 
Van Schothorst, H. K., and Godfried, E. G.: 
Effects of Glucose Administration on the Potas- 
sium and Inorganic Phosphate Content of the 
Blood Serum and the Electrocardiogram in Normal 
Individuals and in Non-diabetic Patients. Acta 
med. seandinav. 141: 352 (March), 1952. 
This study was undertaken to determine whether 

endogenous insulin has a potassium-decreasing effect. 

This was attempted by parenteral administration 

of glucose to produce a hyperglycemia to form a 

stimulus to the pancreas, and a follow-up observa- 

tion to detect hypokalemia at some stage thereafter. 

Normal and nondiabetic subjects were studied. 
During the investigation the test subjects were 

placed on a low potassium diet. As a rule 100 to 150 

Gin. of glucose was introduced over a period of 2 

to 3 hours. It was found that administration of 

glucose either intravenously or orally was followed 
by a fall in serum potassium in nearly all cases, 

reiching its lowest point in six to nine hours. A 

siniilar fall occurred in the inorganic phosphate al- 

thc ugh this component returned to a normal level 
mere quickly. Electrocardiographic changes similar 
to those occurring after large doses of insulin ap- 
pe: red after glucose administration to both normal 
an’ nondiabetic patients, but changes typical of 
hy) okalemia developed only when the serum potas- 
siun fell to levels of 3.6 mEq. per liter or lower. 


Such levels appeared only after large doses of glucose 
administered over long periods of time. 

The authors conclude that these decreases in 
serum potassium and inorganic phosphate are phys- 
iologic phenomena occurring regularly when glucose 
is assimilated by muscle cells under the influence of 
insulin. 


ROSENBAUM 


Cloetens, W.: Effect of Procaine Amide on Alterna- 
tion of Contractility. Acta cardiol. 7: 347 (Fase. 3), 
1952. 

In two cases with mechanical pulsus alternans, 
intravenous injection of 100 mg. of procaine amide 
(Pronestyl) was followed instantaneously by a drop 
of blood pressure, by a decrease of the amplitude of 
arterial oscillations, and by disappearance of the 
pulsus alternans. These observations are interpreted 
in the light of known effects of the drug upon the 
circulation. Pronestyl apparently slows the speed 
of ventricular activation to such a degree that all 
contractile elements, including those with pathologic 
alterations, have sufficient time to recover from their 
nonexcitable state between two successive contrac- 
tions. 


Pick 
OTHER SUBJECTS 


Ellestad, M. H., and Reed, J.: Circulating Eosino- 
phils in Cardiovascular Stress. Ann. Int. Med. 
36: 551 (Feb.), 1952. 

Serial eosinophil counts were done in 17 patients 
with through-and-through myocardial infarction; in 
13 patients with subendocardial infarction; in four 
cases with acute congestive heart failure; and in 
nine cases with a history suggestive of myocardial 
infarction associated with inconclusive electrocardio- 
graphic findings. In the 17 patients with through- 
and-through myocardial infarction, there was a drop 
in the eosinophil count to 20 or below for from two 
to six days, and all but one were at 20 or below on 
the second day. About the fifth day, came a sharp 
rise with a levelling off somewhat below this peak. 
In the 13 cases with subendocardial infarction, the 
eosinophil count dropped to 20 or below for an 
average of 1.7 days and stayed at 50 per cent below 
estimated normal for an average of 3.3 days, two 
days less than the previous group. In the four cases 
with acute congestive failure, an eosinopenia de- 
veloped on the second day, but the counts promptly 
rose to a high level on the third or fourth day. It 
appeared that the number of days of eosinopenia 
roughly paralleled clinical signs of difficulty, such 
as congestive failure, fever, and continued pain. 
The data suggest also that in cases of suspected 
myocardial infarction associated with equivocal elec- 
trocardiographiec findings, the serial eosinophil count 
may be of value as an adjunct in diagnosis. Further- 
more, in proved instances of myocardial infarction, 
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the eosinophil count may aid in determining the 
extent of muscle destruction. 
WENDKOS 


Leaf, A., and Mamby, A. R.: An Antidiuretic Mecha- 
nism not Regulated by Extracellular Fluid To- 
nicity. J. Clin. Investigation 31: 60 (Jan.), 1952. 
The preceding paper described an antidiuretic 

mechanism in normal man which tends to maintain 

effective serum solute concentration within narrow 
limits. To study the sustained low serum sodium 
concentrations in patients without intrinsic renal 
disease, the authors studied four patients with 

Addison’s disease and eight patients with congestive 

heart failure. 

It was shown that in inadequately treated Addi- 
son’s disease, in certain cases of congestive failure 
who developed low serum sodium concentrations 
during treatment, and in normal dogs depleted of 
extracellular fluid electrolyte, an abnormality of 
water excretion exists. There is a dilution of serum 
with a concentrated urine and a failure of a prompt 
water diuresis following water administration. This 
pattern may be reduplicated by the continuous ac- 
tion of small amounts of posterior pituitary extract. 

Apparently the mechanism which the normal sub- 
ject uses to correct an extracellular deficit is grossly 
exaggerated to overexpand extracellular fluid volume 
by the edematous cardiac subject. This indicates that 
it is not a change in total extracellular volume but 
more likely insufficiency of some critical portion, 
probably intravascular, which sets off this volume- 
expanding antidiuretic mechanism. It is believed 
that this abnormal antidiuretic pattern represents a 
continued activity of the supraopticohypophyseal 
antidiuretic system in the presence of a dilute extra- 
cellular fluid which normally would inhibit this ac- 
tivity. 

WAIFE 


Strauss, M. B., Davis, R. K., Rosenbaum, J. D., 
and Rossmeisl, E. C.: Production of Increased 
Renal Sodium Excretion by the Hypotonic Ex- 
pansion of Extracellular Fluid Volume in Recum- 
bent Subjects. J. Clin. Investigation 31:80 (Jan.), 
1952. 

The authors describe experiments in which the 
volume of extracellular water was expanded at the 
same time that the concentrations of sodium and 
chloride were reduced. It was found that hypotonic 
expansion of extracellular fluid volume in the recum- 
bent position leads to an increased urinary excretion 
of sodium, although the load presented to the tubules 
is actually diminished. In short, there was diminished 
tubular reabsorption of sodium. This did not occur 
in the seated subjects, suggesting that the locus of 
action is in the cephalad portion of the body. A 
hypothesis is suggested that the converses of these 
observations also hold; namely contraction of extra- 


cellular volume in the cephalad portion of the body 
may be a stimulus for sodium retention. 
WAIFE 


Leaf, A., and Mamby, A. R.: The Normal Anti- 
diuretic Mechanism in Man and Dog; Its Reguls- 
tion by Extracellular Fluid Tonicity. J. Clin. lh 
vestigation 31: 54 (Jan.), 1952. 

The total concentration of solutes in serum an 
urine of normal male adults and normal dogs wa 
determined by a new freezing point method. Wate: 
deprivation was found to cause a slight rise in tote| 
solute concentration of the serum together with 
maximal concentration of the urine. After water 
administration, a slight but measurable dilution ©! 
the serum occurred. With this, the urine became 
progressively more dilute, reaching hypotonic level. 

In the dog, antidiuretic activity of the serum w:s 
demonstrable at the end of the water deprivation 
period, but no activity was found during water 
diuresis. Antidiuretic activity was measured by a 
serum assay method using four posthypophysect« - 
mized rats. 

The normal diuretic reaction may be explained «s 
follows: As a result of restricted fluid intake and 
continued insensible loss of water, there results a 
slight increase in total solute concentration of the 
serum and extracellular fluid. Through osmorecep- 
tors there is an outpouring of antidiuretic hormone. 
This in turn acts upon the renal tubule cells to pro- 
duce increased reabsorption of water from glomerular 
filtrate with a resultant formation of concentrated 
urine and conservation of body water. Following 
water administration, the dilution of extracellular 
fluid inhibits posterior pituitary activity, leading to 
a state of functional diabetes insipidus, which per- 
mits diuresis of a dilute urine, thus ridding the body 
of the excess water. These mechanisms seem ideally 
designed to preserve the total effective solute con- 
centration of the serum within narrow limits. 

WAIFE 


Lenzi, F., and Caniggia, A.: Potassium Intoxication 
in a Patient with Diabetic Coma. Cardiologia 
19: 265, 1951. 

A case with diabetic coma and hyperpotassemia 
is reported. Intravenous injection of 20 cc. of 5 per 
cent potassium chloride was followed by hyperpotas- 
semia. The electrocardiogram showed the following 
modifications: depression of S-T and inversion of the 
T; then intraventricular conduction disturbances; 
and later, ventricular fibrillation. Sinus rhythm with 
marked bradycardia returned later, and a mono- 
phasic contour of the QRS-T was noted at that 
time. The author finds a close similarity between 
these electrocardiographic changes and those ob- 
served in the turtle after experimental hyperpotis- 
semia. 

The literature concerning the mechanism of hyp»r- 
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potassemic changes of the electrocardiogram is 
reviewed. The author believes that the electrical 
potentials of the cells are mostly affected by 
n odifications of the relationships between the con- 
centration of potassium in the extra- and intracellu- 
lar compartments (modifications of the K-surface 
giadient). 
LUISADA 


Deane, N., Ziff, M., and Smith, H. W.: The Distribu- 
tion of Total Body Chloride in Man. J. Clin. In- 
vestigation 31: 200 (Feb.), 1952. 

The total body chloride was determined in seven 
non-edematous subjects. Total body water and extra- 
cellular fluid volume were determined by the anti- 
pyrine and sucrose methods as described previously. 
The dilution of sodium bromide was used to deter- 
mine total chloride distribution. 

Total chloride averaged 30.1 mEq. per kilogram 
body weight; intracellular chloride averaged 29.7 
per cent of total chloride. The data show that the 
intracellular fraction ranges from about 20 to 40 
per cent of the total chloride, and it would seem that 
a change in total chloride does not necessarily repre- 
sent the change in volume of extracellular fluid. 

It would appear that intracellular chloride is 
highly variable in amounts, and calculations of 
changes of extracellular fluid volume, based on 
changes in total body chloride, must have an un- 
certain value. 

WAIFE 


Peschel, E., and Lohmann-Peschel, R.: Electrolyte 
Metabolism During Rice Diet. Arch. Int. Med. 
89: 234 (Feb.), 1952. 

A survey is given of the serum electrolyte pattern 
of patients on strict rice diet. A moderate drop in 
chloride and, correspondingly, an increase in bicar- 
bonate occur; both develop during the first weeks of 
the treatment. Sodium, potassium, and total ionic 
concentrations are essentially maintained. 

The strict rice diet can be given without danger 
of serum electrolyte disturbance to all patients with 
cardiac decompensation and to 95 per cent of those 
with good renal function. Difficulties have to be 
xpected in patients with severe primary or second- 
ary renal impairment, and they might arise in 5 per 

nt of those in whom urinary findings and results of 
reial-funetion tests seem to indicate a disturbed 

al regulatory function. 
BERNSTEIN 


sada, A. A., and Contro, S.: On the Time Rela- 
ionship of the Waves of the Ballistocardiogram. 

\cta cardiol. 6: 847, 1951. 

\ graphic study of the ballistocardiographic waves 
wes made. The ballistocardiogram was recorded by 
a shotoelectric method, and the sensitivity of the 
ap aratus was increased by adding an amplifier. 


Various technical causes of error of this method were 
noted. Instructions for its use are given. 

The main observations were made in a series of 
eight normal young adults. Additional studies were 
made in subjects with complete A-V block, auricular 
fibrillation, and gallop rhythm. 

A comparison was made between the ballisto- 
cardiographic waves and those of (a) the phono- 
cardiogram, (b) the phlebogram, (c) the pneumo- 
cardiogram, (d) the apex cardiogram, (e) the arterial 
tracings of the suprasternal notch and the carotid 
arteries, and (f) the arterial tracings of the abdom- 
inal aorta, and of the femoral, tibial and pedial 
arteries. The various time relationships are observed 
and discussed. 

While the main interpretation of the origin of the 
ballistocardiographic waves is confirmed, various 
points concerning the waves taking place during 
ventricular diastole should be corrected. 

LUISADA 


Thompson, D. D., and Pitts, R. F.: Effects of Altera- 
tions of Renal Arterial Pressure on Sodium and 
Water Excretion. Am. J. Physiol. 168: 490 (Feb.), 
1952. 

When glomerular filtration rate was reduced by 
inflating a balloon in the descending aorta above the 
renal arteries, sodium and water excretion were re- 
duced. The percentage of sodium reabsorbed of that 
which was filtered, was increased when the glomeru- 
lar filtration rate was reduced. Results were qualita- 
tively similar after adrenalectomy, section of the 
pituitary stalk, or sympathetic renal denervation. 
It is considered that these results indicate that de- 
creased glomerular filtration rate promotes fluid 
retention. 

OPPENHEIMER 


Smedal, H. A.: Air Transportation of Persons with 
Cardiorespiratory Disease and/or Injury. J. 
Aviation Med. 23: 33 (Feb.), 1952. 

This discussion is largely of a theoretic nature. It 
is seen that persons with coronary heart disease 
tolerate anoxia of a moderate degree very well. One 
should therefore be able to be quite liberal in one’s 
advice to coronary disease patients in regard to their 
travel by air. With the advent of the extensive use 
of pressurized cabins much of the hazard of patients 
with cardiorespiratory disease or injury has been 
diminished and even eliminated. 

The chief hazard which remains is that of explosive 
decompression. Since the difficulty with this is 
mainly sudden anoxia, this danger can be a real one 
to individuals with cardiorespiratory disease. It must 
be remembered that these individuals must be pro- 
tected by having an adequate source of supplemental 
oxygen readily available. 

It seems, therefore, that there are very few people 
with cardiorespiratory disease who cannot be trans- 
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ported by air. Precautions must be taken so that the 
patients do not become anxious, frightened, tired, 
or motion sick or anoxic. With adequate care and 
preparation most of these patients may be trans- 
ported by air. 

BERNSTEIN 


Ritter, E. R.: Pressure-Flow Relations in the Kid- 
ney. Alleged Effects of Pulse Pressure. Am. J. 
Physiol. 168: 480 (Feb.), 1952. 

A dog’s kidneys were perfused in situ by a system 
which permitted mean arterial and pulse pressures 
to be varied independently. The rates of arterial 
inflow were measured. Changes in pulse pressure of 
themselves had no effect on renal blood flow. Abrupt 
changes in arterial pressure produce prolonged varia- 
tions in the resistance of renal vessels. These are not 
due to pulse pressure changes. When renal resistance 
is calculated (with corrections for “yield” pressure) 
it decreases when arterial pressure is lowered to 80 
mm. Hg. The resistance falls to a minimum when 
arterial pressure falls to 65 mm. Hg and then re- 
mains about constant. 

The author does not regard the arterial pressure 
at which flow ceases as a practical indicator of renal 
vascular resistance. He concludes that active changes 
in the afferent arterioles produced the changes in 
renal resistance found in these experiments. 

OPPENHEIMER 


Iseri, L. T., Batchelor, T. M., Boyle, A. J., and 
Myers, G. B.: Studies of Fluid, Electrolyte, and 
Nitrogen Balance in Acute Renal Insufficiency. 
Arch. Int. Med. 89: 188 (Feb.), 1952. 
Metabolic balances of water, potassium, chloride, 

and nitrogen were determined in five cases of severe 
acute renal insufficiency for periods of 6 to 23 days; 
extracellular and intracellular partition of water was 
calculated from chloride balance. Serial determina- 
tions of glomerular filtration rate, renal plasma flow, 
tubular mass, and sodium and water reabsorption 
were made in four patients. Hyponatremia and 
hypochloremia developed consistently during the 
oliguric phase of lower nephron nephrosis. Hyper- 
kalemia developed toward the end of the first week 
of oliguria in one patient. A regimen containing little 
or no protein and as much dextrose as possible pre- 
vented hyperkalemia in the remaining patients and 
slowed the rise in blood nonprotein nitrogen con- 
centration. 

During the diuretic phase, plasma sodium and 
chloride levels were subject to considerable fluctua- 
tion, depending upon (1) the relative external losses 
of electrolyte and water, (2) the proportionate in- 
takes of electrolyte and water, and (3) concurrent 
internal shifts. Greater impairment in reabsorptive 
capacity for water than for electrolyte led to de- 
hydration with elevation of plasma concentrations. 
These observations indicated that as long as polyuria 
persists and renal homeostasis of electrolyte is im- 


paired, it is necessary to control the proportion of 
electrolyte to water in the diet, preferably in accord- 
ance with plasma and urinary concentrations. 
During the diuretic stage, potassium intakes ©: 
100 mEq. or more per day were necessary to restor» 
normal plasma levels in these patients. 
BERNSTEIN 


Birnbaum, G. L.: Simple Cardiac Defibrillator. .'. 

Thoracic Surg. 23: 183 (Feb.), 1952. 

A simple portable and inexpensive defibrillators 
described. The parts are readily available and can 
be easily assembled. The apparatus utilizes 110 vo't 
alternating house current and is designed for use in 
vases of ventricular fibrillation associated with ca-- 
diac arrest occurring in the operating room. 

Preceding the application of the electrodes to the 
heart, 5 ec. of 1 or 2 per cent procaine is injected 
into the cavity of the right auricle or ventricle, and 
the heart is massaged in order to distribute the drug 
through the coronary circulation. The defibrillator 
electrodes are then placed in contact with each side 
of the heart, as far apart as possible, and 1 to 1.5 
amperes of current are sent through the organ for 
approximately one fifth of a second. If fibrillation 
persists after two electric shocks, no more procaine 
is used, but massage is continued and shock may be 
tried a few more times. 

ABRAMSON 


Ryan, J. M., and Hickam, J. G.: The Alveolar- 
Arterial Oxygen Pressure Gradient in Anemia. 
J. Clin. Investigation 31: 188 (Feb.), 1952. 
Despite equivalent alveolar ventilation, the ar- 

terial blood oxygen tension is significantly lower in 

the anemic than in the nonanemic control group, and 
the mean difference between alveolar and arterial 
oxygen tension (A-A gradient) is significantly greater 
in the anemic group. There was a significant negative 
correlation between hemoglobin concentration and 
the A-A gradient. During the inspiration of a re- 
duced oxygen mixture (14.7 per cent oxygen), the 
increased gradient in anemic patients may be ex- 
plained by venous admixture rather than by impair- 
ment of alveolar-capillary diffusion, such as might 
be caused by pulmonary edema. Venous admixture 
to oxygenated blood may occur through the Thebe- 
sian veins and bronchial veins, or blood flow through 
poorly aerated lung, and some oxygen may be lost 
from the blood in the left ventricular cavity from 
diffusion across the endocardium into left ventricu- 
lar muscle. 

WaAIFI 


Deane, N., and Smith, H. W.: The Distribution of 
Sodium and Potassium in Man. J. Clin. Investi- 
gation 31: 197 (Feb.), 1952. 

By means of the isotope dilution technic, simul- 
taneous measurements of body water distribut on 
and total body electrolytes were made in mun. 
Total body water was determined by antipyr ne 
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d lution method; extracellular fluid was measured 
by the calibrated infusion technique of measuring 
tle maximal volume of distribution of sucrose. 
Intracellular water was calculated as a difference 
between the antipyrine and sucrose volumes. The 
difference between body weight and weight of the 
sucrose volume was accepted to be cellular mass. 
Radioactive sodium and radioactive potassium were 
used. 

The average value for intracellular potassium was 
found to be 112 mEq. per liter (with a range of 96 
to 125) of intracellular water; 49 mEq. per kilo- 
gram of cellular mass; and 87 mEq. per kilogram 
of body solid. 

Intracellular sodium averaged 37.0 mEq. per liter 
of intracellular water, with a range of 31.3 to 43.5; 
17.6 mEq. per kilogram of cellular mass; and 35.7 
mq. per kilogram of body solid. These values are 
in close agreement with comparable data obtained 
from studies in the dog and are averaged concen- 
trations representing all the tissues in the body. 

WAIFE 


Dressler, W.: Effort Syncope as an Early Manifesta- 
tion of Primary Pulmonary Hypertension. Am. 
J. M. Se. 228: 131 (Feb.), 1952. 

Cyanosis has been considered the hallmark of 
primary pulmonary arterial hypertension and sclero- 
sis. The author believes that this view should be 
abandoned because cyanosis was not observed until 
two to five years after the onset of symptoms in his 
cases, and only became severe terminally. The cases 
he observed and six cases selected from the litera- 
ture showed certain common features: (1) effort 
syncope, (2) right ventricular hypertrophy without 
apparent cause, (3) pulmonary artery dilation with- 
out an increase in bronchovascular markings, and 
(4) accentuation of the second pulmonic sound. 
Efiort syncope may be observed in three forms of 
heart disease: aortic stenosis, congenital venoarte- 
rial shunt, and heart block. If these are excluded and 


certain of the aforementioned signs are present, 
primary pulmonary vascular disease may be sus- 
pected. 

The cause of effort syncope in these cases is not 
understood. It may arise as a vasovagal reflex 
originating in the neuroreceptors within the wall of 
the pulmonary artery. This reflex produces a fall 
in blood pressure and a slowing of heart beat. Ef- 
fort syncope is not an invariable finding in these 
cases, but when present, may be a useful diagnostic 
sign. 

SHUMAN 


Hutt, M. P.: Effect of Disease on Erythrocyte and 
Plasma Potassium Concentrations. Am. J. M. 
Sc. 223: 176 (Feb.), 1952. 

The red blood cell potassium concentration was 
determined by obtaining the values for whole blood 
and plasma potassium together with the hematocrit. 
In 14 normal subjects, the average erythrocyte con- 
centration was 94.5 mEq. per liter and the plasma 
concentration was 4.4 mEq. per liter. The presence 
of anemia did not appear to influence the potassium 
concentrations. 

In a group of patients with disturbances in potas- 
sium metabolism, it was found that the plasma con- 
centration may not reflect the intracellular potas- 
sium stores as measured in the red cells. Increased 
plasma potassium with low or normal cellular levels 
was not uncommon especially in renal failure with 
vomiting and poor dietary intake. The administra- 
tion of potassium may be associated with a more 
rapid rise in cellular potassium than is reflected in 
the plasma potassium levels. A close correlation 
between the changes in the cell and plasma was not 
always observed. The erythrocyte potassium level 
appears to reflect changes in body stores of this 
cation, and may have important implications in 
treatment of patients with disturbed potassium 
metabolism. 


SHUMAN 





BOOK REVIEWS 





Notions Cardiologiques Nouvelles. C. Lian, and 
P. Danset. Paris, Masson et Cie., 1951. 214 pages, 
39 figures. 800 fr. 

In this monograph the senior author, a well known 
contributor in this field, avowedly limits his subject 
matter to those aspects of cardiology which have 
been the objects of his personal research. This, then, 
is primarily a review of Lian’s contributions to 
cardiology. In general the chapters are unrelated and 
represent short summaries on a variety of subjects. 

There is consistent emphasis on the physiologic 
concepts in cardiology and the dynamics of mitral 
stenosis and left ventricular failure are well dis- 
cussed. Perhaps the best presentations are those 
concerned with the clinical diagnosis of mitral steno- 
sis and the summary on present day handling of the 
patients with patent ductus arteriosus and tetralogy 
of Fallot. Another part of considerable interest 
stresses the importance of listening for murmurs 
and rubs in the back in cardiac patients. The 
authors’ ideas on digitalis therapy differ from those 
currently practiced in this country, and it is par- 
ticularly unfortunate that they misquote the Anglo- 
American technic of digitalization, stressing that it 
is uniformly carried to the point of digitalis toxicity 
as evidenced by nausea, vomiting or a very slow 
pulse, and only at this point is it considered ade- 
quate. There are several other points of difference 
between the authors’ concepts and those favored in 
this country; for example, the notion that a pre- 
systolic gallop is always evidence of cardiac failure 
(a protodiastolic gallop is not associated by the 
authors with failure), and that short, intermittent 
courses of Digitaline Nativelle are the best treat- 
ment of cardiac failure. 

It is regrettable that the authors’ emphasis on 
certain references—and the great majority are those 
of the senior author—results in misconceptions, par- 
ticularly as regards priority of publication in specific 
instances. Perhaps the most flagrant of these is a 
failure to acknowledge Sweet as the originator of the 
idea of pulmonary vein—azygos vein anastamosis in 
mitral stenosis. The Blalock-Taussig operation and 
the inferior vena cava ligation of Cossio on the other 
hand are properly credited. In summary, it could 
be said that this monograph is an interesting com- 
pilation of the senior physician’s concepts and con- 
tributions to cardiology. 

M. Irené FERRER 


Angiocardiography. Annals of Roentgenology. Vol. 
XX. Charles T. Dotter, and Israel Steinberg. \ ow 
York, Paul B. Hoeber, 1951. 304 pages, 635 il! 1s- 
trations on 252 figures. $16.00. 

This attractive volume on angiocardiography is 
volume XX in the Annals of Roentgenology, ; nd 
one of the best in the series. It is carefully writt »n, 
well illustrated and covers the subject thoroug! ly. 
The authors are experts in this field, but fortunately 
not in this narrow subspecialty alone. They are, 
therefore, able adequately to evaluate the relative 
importance of angiocardiography, ordinary raciio- 
graphic and fluoroscopic methods, and cardiac eathe- 
erization in establishing reasonably correct diag- 
noses in patients with heart disease. 

The book starts with a full and complete <is- 
cussion and description of technic, equipment, con- 
trast substances, and the dangers of the method. 
There follows naturally a full description and illus- 
trations of the normal heart and great vessels, taking 
each chamber and vessel in turn. Subsequent chap- 
ters cover the various types of acquired and con- 
genital heart disease, then follow interesting chap- 
ters on mediastinal and pulmonary tumors, and 
various types of pulmonary disease, as it affects the 
pulmonary circulation. The only thing lacking is 
adequate discussion and illustration of direct aortog- 
raphy and retrograde aortography, both apparently 
outside the field of the authors’ experience. 

The monograph is very well printed, on excellent 
paper, and is profusely i'lustrated, almost entirely 
from the authors’ own material. There are 635 illus- 
trations in 252 figures, with line drawings ade- 
quately explaining the accompanying roentgeno- 
grams. One marvels that such excellent material 
could be collected and accurately annotated in the 
relatively short period since the method was devised. 
It is a tribute to hard work and intense concentra- 
tion in a small field where cardiology and _roent- 
genology overlap. 

On the whole it is an excellent monograph on 
angiocardiography, the only complete and authori- 
tative one at present in the English language, and 
a “must” book for cardiologists and roentgenologists, 
whether they are doing angiocardiography or 
not. 

MerriLu C. SosMAN 
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AMERICAN HEART ASSOCIATION, INC. 


44 East 23rd Street, New York 10, N. Y. 


Telephone Gramercy 7-9170 


1953 HEART FUND 

‘he goal for the 1953 Heart Fund Campaign 
of the Association and its affiliates has been 
set at $10,000,000. The Campaign will be con- 
ducted throughout the month of February. 
Funds raised will be used for the national pro- 
gram of scientific research, professional and lay 
education, and the furtherance of community 
service programs. Over $6,560,000 was raised 
nationally, in 1952, to support these aims. 

“Help Your Heart Fund—Help Your 
Heart,” is the new slogan for the 1953 Heart 
Fund. American Heart Week, including St. 
Valentine’s Day, has been set for February 8- 
14. 

Physicians are rendering increasingly valu- 
able support to the Heart Fund Campaign by 
taking active part in their community pro- 
grams. They serve as speakers and committee 
members, and help to inform the public on the 
progress being made in the treatment and care 
of heart patients. Many physicians give assist- 
ance in clinies, symposia, and meetings devoted 
to the cardiovascular diseases, which are spon- 
sored by the Association and its affiliates. 


AMERICAN COLLEGE OF PHYSICIANS 


‘The annual meeting of the American College 
of Physicians will be held in Atlantic City, 
April 13-17, at Convention Hall, immediately 
following the annual meeting of the American 
Heart Association. Further information may be 
obiained by writing the executive secretary, 
Mr. E. R. Loveland, 4200 Pine Street, Phila- 
de'phia 4, Pa. 

\NNUAL MEETING RESERVATIONS 

\ll those planning to attend the Association’s 
A nual Meeting and Scientific Sessions at the 
H tel Chelsea, Atlantic City, April 8-12, may 
o! ‘ain hotel reservation forms from the Associ- 
at on. Reservations should then be mailed di- 
re ‘ly to the hotel in Atlantic City at the earliest 
p: ssible date. The same hotel reservation form 





may be used by those desiring to attend the 
meetings of both the American Heart Associa- 
tion and the American College of Physicians. 

“HEART DISEASE IN CHILDREN” 

The Association and its affiliated Heart 
Associations throughout the country have be- 
gun distribution of a new booklet, “Heart Dis- 
ease in Children.” This booklet presents an 
up-to-date summary of the information now 
available on the prevention and treatment of 
rheumatic fever, the treatment of rheumatic 
heart disease, and the correction of congenital 
heart defects. 

The booklet is intended for parents, teachers, 
and all others concerned with the health and 
care of cardiac children. It is recommended 
to physicians to use with parents of patients, 
and with the patients themselves. 

The booklet may be obtained from affiliated 
Heart Associations or from the American Heart 
Association at 44 East 23rd Street, New York 
10, N. Y. 

MEDICAL FELLOWSHIPS 

Fellowships and_ scholarships available 
through National Medical Fellowships, Inc., 
are offered to Negro candidates in all the fields 
of medicine. Applicants are expected to devote 
all their time to their studies. Applications 
must be filed by March 1, 1953. They may be 
secured by writing to Mrs. Hilde Reitzes, Fel- 
lowship Secretary, National Medical Fellow- 
ships, Inc., 951 East 58th Street, Chicago 37, 
Ill. 

ASSEMBLY PANELS FOR 
ANNUAL MEETING 

The following have been appointed as Chair- 
men to lead Panel Discussions at the annual 
meeting of the Assembly in Atlantic City, N. J., 
on, Wednesday, April 8, 1953: 

Panel I. Epucation: L 

M.D., Dallas 


Panel II. EpucATION: PROFESSIONAL...... John Tal- 
bott, M.D., Buffalo 


‘ . T € Qe 
George N. Aagaard, 
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Panel III. Community Service: RHEUMATIC FEVER 
PROGRAMS David D. Rutstein, M.D., Boston, 
and George M. Wheatley, M.D., New York City 

Panel IV. Community Service: Home Care anp 
REHABILITATION ..Martin Cherkasky, M.D., 
New York City, and V. Thomas Austin, M.D., 
Urbana, Tl. 

Panel V. RESEARCH Lowell A. Rantz, M.D., 
San Francisco, and Stanley E. Bradley, M.D., 
New York City 

Panel VI. Funp Ralsine Irving B. Hexter, 
Cleveland; Warren B. Cooksey, M.D., Detroit; 
and Donald G. Price, New York City 

Panel VII. RELATIONSHIP OF NATIONAL, STATE, AND 
Loca Heart ASSOCIATIONS. ..Paul V. Led- 
better, M.D., Houston; Frank N. Isbey, Detroit; 
and M. Linwood Beck, Atlanta 


The Assembly Planning Committee of the 
American Heart Association is under the chair- 
manship of William H. Bunn, M.D., of Youngs- 
town, Ohio. 


FIRST EUROPEAN CONGRESS OF 
CARDIOLOGY 

The first European Congress of Cardiology 
was held in London from September 9 to 12, 
1952, under the auspices of the British Cardiac 
Society. Sir John Parkinson, President of the 
Society, was Chairman of the Congress. In 
addition to 490 European members from twen- 
ty-one countries, twenty members from the 
United States were present. 

A feature of the Scientific Sessions was a 
symposium on the surgical treatment of mitral 
stenosis. 

Dr. Maurice Campbell sketched the history 
of mitral valvotomy from the earliest attempts 
twenty-five years ago to the achievement by 
Mr. R. C. Brock in 1950. Dr. Campbell de- 
scribed the indications for operation and results 
in 100 cases. The widespread acceptance and 
success of this procedure was demonstrated by 
the substantial series described by Professor 
Soulié, Dr. Werk6, Professor Froment and Dr. 
Santy from the Continent, Mr. Holmes Sellors 
and Dr. Swan from England, and by Dr. J. F. 
O’Neill of the United States, who reported on 
800 operations. 

Dr. Campbell’s judgment was shared by 
many speakers. He said the operation should be 
considered for all patients with mitral stenosis 
who are progressively disabled, especially 
young patients with evidence of pulmonary 
congestion, orthopnea, cardiac asthma and re- 
current pulmonary edema. Conditions which 
rendered the operation less likely to give out- 
standing results but which did not preclude a 
good result, were auricular fibrillation, calci- 


AMERICAN HEART ASSOCIATION 





fication of the valve, associated aortic valve 
disease and moderate mitral regurgitation. 
Another theme of interest was dealt with by 
Dr. Irving S. Wright, president of the Ameri- 
can Heart Association, who reported the resulis 
of the study of the effect of anticoagulants on 
the mortality and morbidity of myocardial i.- 
farction in 1,031 cases. There was a reduction i 
the death rate of one-third, and in the rate for 
thromboembolic complication of four-fifth:. 
Several confirmatory reports were presented in 
the discussion. There was no unanimity cf 
agreement as to whether they should be use: 
in every case. There was general interest in the 
use of Tromexan and other newer preparation-. 


ELECTROCARDIOGRAPHIC 
INTERPRETATION 
A course in Electrocardiographic Interpreta - 
tion for graduate physicians will be given at 
the Michael Reese Hospital by Louis N. Katz, 

M.D., Director of the Cardiovascular Depart - 

ment, Medical Research Institute, and asso- 

ciates. The class will meet each Wednesday 
from 7:00 to 9:00 p.m. for 12 weeks, beginning 

February 11. Further information and a copy 

of the lecture schedule may be obtained upon 

application to Mrs. Rivian H. Lewin, Ad- 
ministrative Secretary, Cardiovascular Depart- 
ment, Medical Research Institute, Michael 

Reese Hospital, Chicago 16, III. 

MEETINGS 

Jan. 30: Southern Section, American Federation for 
Clinical Research, Jung Hotel, New Orleans. 
Chairman, Dr. Albert Segaloff, Alton Ochsner 
Medical Foundation, 3503 Prytania Street, New 
Orleans. 

Jan. 30-31: Western Society for Clinical Research, 
Sixth Annual Meeting, Carmel, Calif. Dr. Herbert 
N. Hultgren, Secretary, Stanford Hospital, San 
Francisco 15. 

Feb. 9: New England Cardiovascular Society, John 
Hancock Hall, 180 Berkeley Street, Boston. Drs. 
Herrmann L. Blumgart and Robert W. Wilkins 
will conduct the meeting. 

Apr. 8-12: Twenty-Ninth Annual Meeting, American 


Heart Association, Hotel Chelsea, Atlantic City, 
N. J. 

Apr. 8-9: Assembly panels, Assembly meeting, meet- 
ing of the Scientific Council. 

Apr. 10-12: Twenty-Sixth Scientific Sessions, Amer- 
ican Heart Association, Hotel Chelsea, Atlantic 
City, N. J. 

Apr. 13-17: American College of Physicians, 34th 
Annual Meeting, Hotel Chelsea, Atlantic City, 
N. J. 

May. 7-10: National Congress of Cardiology, 
Sevilla, Spain. Secretary, Dr. E. Benot, 3 Paseo de 

las Delicias, Sevilla, Spain. 
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